Reactions of diene and triene-conjugated diazo-compounds by Wilson, Paul
Reactions of Diene and Triene-conjugated 
Diazo-compounds 
By Paul Wilson 
A Thesis presented for the degree of Doctor of Philosophy 




This thesis is dedicated to 
Mum and Dad and to 
Mr Stanley Waugh. 
Declaration 
I declare that this thesis is my own composition and that the work of which it 
is a record was carried out by myself unless otherwise acknowledged. No part of this 
thesis has been submitted in any other application for a higher degree. 
Courses Attended 
The following is a record of the courses attended during the period of 
research. 
Merck, Sharp and Dohme, Medicinal Chemistry Lectures, Prof. R. Baker and 
Dr. P. Lesson, Department of Chemistry, University of Edinburgh, 1995, 
1996. 
NMR of Biological Molecules, Dr. P. Barlow, Dr. I. Sadler, Department of 
Chemistry, University of Edinburgh, 1995. 
Industrial Fine Organic Chemistry, Prof. A. Mekillop (University of East 
Anglia), Department of Chemistry, University of Edinburgh, 1996. 
Royal Society of Chemistry, Perkin Transactions Meeting, University of 
Aberdeen, various speakers, 1997. 
Industrial Chemistry, Zeneca Grangemouth, various speakers, Department of 
Chemistry, University of Edinburgh, 1995. 
Royal Society of Chemistry (Scottish Division), annual meetings, various 
speakers, 2 years attendance. 
Current Topics in Organic Chemistry, various speakers, Department of 
Chemistry, University of Edinburgh, 3 years attendance. 
Organic Research Seminars, various speakers, Department of Chemistry, 
University of Edinburgh, 3 years attendance. 
Reactive Intermediates meeting, various speakers, University of St. Andrews, 
1995. 
Walker Memorial Lecture, Prof. J. Baldwin, University of Edinburgh, 1996. 
Acknowledgements 
I would firstly like to express my sincere thanks to Dr John T. Sharp for his 
constant advice, patience, support and help throughout my time at Edinburgh and 
with the writing of this thesis. 
I wish to thank the staff of Edinburgh University in particular John Millar, 
Lorna Eades, Wesley Kerr, Elizabeth Stevenson, Alan Taylor, Dr David Reed and Dr 
Simon Parsons for their technical support and EPSRC for funding of this work. 
I would like to thank all my colleagues in lab 200 and 202 in particular Jon-
Paul Strachan, Mel Bohill, Donal O'Shea, Jamie Ferguson, Paul Allen for making 
life in Edinburgh interesting and enjoyable. 
A special thank goes to my Mum and Dad for constant support during my 
years of study and to all my friends in Edinburgh especially Vanessa, Richard, 
Gerhard, Simon,, Keith and Karen who made studying and working in Edinburgh 
such an enjoyable experience. 
Abstract 
This research is concerned with the reactions of diene and triene-conjugated 
diazoalkanes. 
Two series of diene-conjugated diazo-compounds, a-diazoesters and a-
diazophosphonate esters, were generated. In cases where the aj and y,8-double 
bonds were aromatic in character both series decomposed to give fluorene 
derivatives. a-Diazoesters where the a,13-bond  was olefinic and the y,8-bond was 
part of an aromatic ring gave 3-phenyl indenes as the sole products. The structures of 
these products were confirmed by the synthesis of authentic compounds. a-
Diazophosphonate esters where the a,-double bond was part of an aromatic ring 
and the y,-bond was olefinic gave a moderate yield of 5H-2,3-benzodiazepine and 
2-phenylindene. 
Triene-conjugated diazo-compounds with all cis stereochemistiy where a 
cyclopentene ring was fused across the y,-double bond, reacted via a [3-1-2]-
cycloaddition reaction of unprecedented regioselectivity to give benzo[d]cyclopenta 
[1,2]diazocines. Where a cyclohexene ring was fused across the y,6-double bond the 
only isolated product was hexahydrocyclopropa [f]phenanthrene. 
Tnene-conjugated diazo-compounds with a methyl and phenyl group on the 
y,8-double bond and possessing all cis stereochemistry reacted to give a 
cyclopropa[a]napthalene as the major product and a cyclopenta[a]phthalazine as the 
minor product. The cyclopenta[a]phthalazine was formed via a 1,1-cycloaddition of 
the diazo-compound with the y,6-double bond a reaction path unprecedented in such 
systems. Where the stereochemistry of the y,8-double bond is t rans then the 
cyclopenta[a]phthalazine becomes the major product of the reaction with some of the 
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1.0 Introduction 
1.1 Structure of 1,3-Dipoles 
A 1,3-dipole may be defined 1,2  as a system a-b-c in which a has an electron sextet 
hence an incomplete valence shell, and therefore carries a formal positive charge, has 
an unshared electron pair and is therefore negatively charged. 
Although some classes of 1,3-dipole have been known for over a hundred years, 
for example Curtius 3  discovered diazoalkanes in 1883, it was not until Huisgen's 
classification of 1,3-dipoles in the 1960's that these systems became an intense area of 
study. 
1,3-Dipoles are isoelectronic with both the allyl and propargyl anions; they 
possess four it electrons delocalised over the a-b-c system. Dipoles in which the positive 
centre is an electron deficient atom for example nitrogen or oxygen atom are generally 
too unstable to be isolated. However if the central atom k is capable of donating an 
electron pair, as shown in figure 1, the site of formal positive charge shifts from atom 
and is then located on atom b. This donation leads to the formation of the more stable 
'all octet' configuration. 
a—b--c 
Figure 1 
Octet stabilised 1,3-dipoles may be divided into two classes. Those possessing an 
orthogonal double bond and a central nitrogen atom are known as allenyl-propargyl type 
1,3-dipoles. Those without an orthogonal double bond are known as ally! type 1,3-
dipoles, see Table I over page for some examples of both. 
Allenyl-propargyl 1,3-dipoles must have nitrogen as the central atom k since it is 
the only element capable of donating an electron pair while in the neutral trivalent state. 
Allyl type 1,3-dipoles where the central atom can have either nitrogen or oxygen as the 
central atom. 
Table 1. 1,3-Dipoles with Octet Stabilisation 
1,3-Dipoles of the allenyl-propargyl type 
+ .. 	
- 1-11 •C=N —C 
+ 
+ 






1,3-Dipoles of the allyl type 
_CN—C( Nitrile ylides 
—CN--N Nitrile mimes 
+ 	- 
—C=N—O Nitrile oxides 
N=N—C( Diazoalkanes 
NN—N Azides 









The geometry of these two types of dipoles are different also, allenyl-propargyl 
dipoles tend to be linear as a consequence of the orthogonal double bond, whereas the 
ally! type 1,3-dipoles are bent about the central atom k. 
2 
Diazomethane is the simplest of all diazoalkanes, it is a yellow, toxic and 
explosive gas which has been shown to be to have a planar structure by both Microwave 
spectroscopy  and electron diffraction 5 . 
1,3-dipoles are best represented as a series of resonance structures e.g. the 
canonical forms (i)-(v) for diazomethane shown below in Scheme 1. 
+ 	- 	 .. 	 - 	+ 





The all octet structures (iv) and (v) are the most stable canonical forms, although 
the term 1,3-dipole only truly applies to structures (i) and (iii), structure (ii) represents 
the nitrene canonical form of dia.zomethane. It is accepted that the term 1,3-dipole 
applies to the whole molecule as it best describes the overall observed reactivity of 
diazoalkanes. 
1.2 Synthesis of Diazoalkanes 
The first published synthesis of a diazoalkane was that of ethyl diazoacetate 2 by 
Curtius . The reaction involved the diazotisation of glycine ethyl ester hydrochloride 1 
Scheme 2. However this method is not a general one, as it requires the presence of a 
strong electron-withdrawing group. Also the compound must be a secondary amine, a 









N = __>—OEt 
Scheme 2 
There are several methods of generating diazo-compounds. One of the most 
popular being the diazo transfer reaction. This method was used by Doering and Depuy 
6  in the synthesis of diazocyclopentadiene 5 from cyclopentadiene 3. The lithium salt of 
cyclopentadiene 4 is prepared this is then treated with tosyl azide which transfers the 
diazo group to give 4. 
0 	10PhLi O -Li+ TsN3 
Scheme 3 
Regitz extended this work to demonstrate that the diazo transfer reaction can be 
performed on a wide variety of starting materials however all these materials have one 
thing in common, they all possess activated methylene hydrogen atoms. Regitz has 
published several reviews 8,9  on diazo group transfer reactions, however this particular 
method of generating diazo-compounds will not be discussed further here. 
Other syntheses of diazo-compounds include the Forster reaction, the oxidation 
of hydrazones 11 and the Bamford Stevens 12  reaction, it is this latter that was used 
solely in this thesis for the in situ generation of diazoalkanes. 
The Bamford Stevens 12  reaction utilises the tosylhydrazone derivative of an 
appropriate ketone or aldehyde. These derivatives are crystalline compounds, which are 
4 
sensitive to heat and light. Treating tosyihydrazone with base and then heating in an 
aprotic solvent achieves the synthesis of diazo-compound. 
Bamford and Stevens observed that the treatment of the tosyihydrazones of 
acetone 6 and cyclohexanone 7 with sodium in ethylene glycol led to propylene 8 and 
cyclohexene 9 respectively see Scheme 4. 
Ri 	TSNI-Th'1H2 Ri 	 Na/Ethylene Glycol R1
OM 
R2" 	 R2" 'NH—Ts A 	 R2" 
RI and R2=CH3 6 	
6,7 	 8,9 
RI and R2 = -(CH2)4- 7 
Scheme 4 
The mechanism of the Bamford Stevens reaction and the factors effecting it has 
been discussed at length in several reviews see Shapiro 13  and Nickon 14 
1.3 Reactions of 1,3-Dipoles 
All 1,3-dipolar intermediates (a-b-c) react readily with unsaturated systems (d=e 
the dipolarophile) to give five membered rings see figure 2. 
+ 
d-=e 	a 	[3+2]-cycloaddition e–\ b  
Figure 2 
The concept of 1,3-dipolar cycloaddition reactions was first introduced by 
Huisgen , who proposed a concerted mechanism of reaction, which results in the 
formation of two new a bonds and the loss of the formal charges on the 1,3-dipole. The 
reaction itself is a powerful synthetic tool in the synthesis of five-membered 
heterocyclic ring systems. The reaction can either be intramolecular, where the 1,3- 
5 
dipole and the dipolarophile are present in the same molecule but not conjugated, or 
intermolecular where the dipolarophile and the 1,3-dipole are parts of separate 
molecules. If the 1,3-dipole and the dipolarophile are directly conjugated this system 
can undergo an electrocyclic reaction. Both inter and intramolecular cycloaddition 
reactions and electrocyclic processes will now be discussed in more detail. 
1.4 Intermolecular 1.3-Dipolar Cycloaddition Reactions of 
Diazoalkanes 
It was only six years after the discovery of ethyl diazoacetate 2 by Curtius 3  that 
Bucher 15a, b described the reaction of methyl diazoacetate 10 with an a,-unsaturated 
ester 11, Scheme 5. He determined the structure of the product to be dimethyl 2- 
pyrazoline-3,5-dicarboxylate 12. 
CH302C. - + 






However it was in Huisgen's 2  paper that 1,3-dipolar cycloaddition reactions were 
postulated as concerted processes. Huisgen 2  also established the general mechanistic 
features of 1,3-dipolar cycloaddition reactions these are:- 
The stereochemistry of the dipolarophile is preserved i.e. a dipolarophile with 
trans-stereochemistry will exhibit the same stereochemical relationship in the 
product. 
The solvent polarity does not effect the rate of the reaction. 
The solvent polarity does not effect the stereochemistry of the reaction. 
2. 
iv. 	The highly ordered cyclic parallel planes transition state exhibits a large 
negative entropy of activation to the reaction 
V. 	The reactions exhibit low enthalpies of activation. 
vi. 	The rate of reaction is greatly increased by conjugating substituents on the 
dipolarophile but greatly reduced if bulky groups are present on either the 
dipolarophile or 1,3-dipole. 
The proposal by Huisgen 2  of a concerted 1,3-dipolar-cycloaddition mechanism 
caused an intense debate in the literature as Firestone 16  soon afterwards proposed an 
alternative two step process. The first step being the formation of a bipolar or diradical 
intermediate which subsequently underwent a ring closure reaction to give the cyclic 






Huisgen's concerted mechanism 
e--d 




Nadical  a e\ 
d. 
b a 
Firestones two step mechanism 
Figure 3 
This mechanism has several flaws the main one being that it would not be 
expected to be highly stereospecific in retaining the stereochemistry of the 
dipolarophile. Firestone 17  countered this argument by proposing that ring closure would 
7 
be preferred on energetic grounds over bond rotation. He also argued that the lack of 
solvent effects could be best explained by a diradical mechanism. However Huisgen's 
original concerted mechanism was supported by the advent of Woodward-Hoffman 
rules 18  and the long-standing problem of regioselectivity was explained by frontier 
molecular orbital theory as discussed in the next section. 
1.5 Regioselectivity of Intermolecular 1.3-Dipolar Cycloadditions of Diazoalkanes 
Neither Firestone's 16,17  or Huisgen's 2  theories on the mechanism of 1 ,3-dipolar-
cycloaddition reaction mechanisms could explain the regioselectivity of the reaction that 
was experienced experimentally. This was not understood until the development by 
Fukui 19  of the principles of frontier molecular orbital (FMO) theory. He postulated that 
the major regio-isomer formed is the one resulting from a maximum frontier orbital 
overlap between the highest occupied and the lowest unoccupied molecular orbitals. 
The size of the molecular orbital coefficients can be represented as lobes. It is the 
relative size of these lobes, which determine the major regio-isomer formed. There are 
two possible transition states, see figure 4, these only differ in the orientation of the 1,3-
dipole and the dipolarophile. The preferred transition state and thus the major product 
formed in the reaction will always be formed between the two centres with the highest 




















Houk and co-workers 20,21  with knowledge of substituent effects on both the 1,3-
dipole and the dipolarophile were able to calculate the molecular orbital coefficients for 
a range of 1,3-dipoles and dipolarophiles. With these Houk was able to rationalise the 
observed regioselectivity of most 1,3-dipolar cycloaddition reactions on terms of the 
substituent effects on the reacting species using perturbation theory see figure 4. For 
diazomethane the molecular orbital coefficients were calculated and shown in figure 5. 
HOMO 	 LUMO 
CH2—N—N CH2—N—N 
0.78 0.13 -0.61 	0.51 -0.70 0.50 
Figure 5 
From these calculations it is obvious that the terminal carbon and nitrogen atoms 
possess very different molecular orbital coefficients. Knowledge of these coefficients 
enables the prediction of the preferred regioselectivity of the 1,3-dipolar cycloaddition 
reaction, see example 22  in figure 6. 
R  
- 	+ 	 1,3-thpolar cycloadthtion 
CH2—NN + CH2=CH-R 
.0.78 0.51 
0 IV 






0.51 	.0.70 0.50 





With most dipolarophiles it is the union between the large HO coefficient on the 
carbon atom of the diazoalkane with the unsubstituted carbon on the dipolarophile that 
determines the major regio-isomer formed in the reaction. 
The work of sustmann 23, 24 was concerned with the rate of 1,3-dipolar 
cycloaddition reactions. He devised a simple method, which dealt with the interactions 
of the HOMO and LUMO orbitals of both the dipolarophile and the 1,3-dipole during 
the cycloaddition reaction. It assumed that during the transition state of the reaction the 
HOMO of the dipolarophile and the LUMO of the 1,3-dipolar species interact and vice 
versa. The stabilisation of the transition state of the reaction is a function of the energy 
difference between the interacting orbitals on the dipolarophile and the 1,3-dipole. It is 
possible to calculate the change in orbital energy that a substituent makes. Electron 
attracting substituents will lower orbital energies and electron-releasing substituents 
raise orbital energies. 
10 
Knowledge of this allowed Sustmann 23,24  to make predictions of the rates of 1,3-
dipolar cycloaddition reactions. When an electron attracting substituent is present on the 
dipolarophile it lowers the energy of the HOMO WA  and LUMO VB  orbitals, this 
increases the interaction leading to W2  and stabilises the transition state see figure 7. 
This leads to an increase in reactivity of the dipolarophile due to the stabilised transition 
state, which mirrors the experimental observations made by Huisgen 2  for diazoalkane 
cycloaddition reactions. The presence of electron releasing substituents have the 
opposite effect as the interaction which leads to W2  is higher in energetic terms and is 
therefore destabilised. 
/ 
" T4 - 
Energy 	0 -A - a C) -- TB d—e - 	,' 'P3 	\ / a 
------------------------  ---.--------------- 
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1.6 Intramolecular 1,3-Dipolar Cycloaddition Reactions of Diazoalkanes 
Despite the huge numbers of literature references to intermolecular 1,3-dipolar 
cycloaddition reactions, intramolecular 1,3-dipolar cycloadditions of diazoalkanes were 
not investigated until 1967 when Kirmse 25  reported the thermal reaction of diazoalkane 
13, Scheme 6. Note that the regioselectivity of the 1,3-dipolar cycloaddition to give 
product 14 is the reverse of that predicted by FMO theory. 
11 
It would seem in this case that steric factors and not HO-LU interaction, which as 
mentioned previously, controls the regioselectivity of intermolecular 1,3-dipolar 






Padwa 26,27  extended this work to tosylhydrazones of type 15, these also reacted 
to give the opposite regio-isomer than that predicted by FMO theory e.g. thermolysis of 
the sodium salt of tosyihydrazone gave diazo compound 16, which reacted via a 1,3-
dipolar intramolecular cycloaddition and gave 17, see Scheme 7. 
NHTs - + 
N=N 	 N 
ii. F ZIIIr1Iii 1 





Padwa 26, 27 postulated it may be possible to reverse the regioselectivity observed 
in the previous example to the 'normal' regioselectivity by extending the alkene chain 
from the prop-2-ene system 16, seen in Scheme 7 to but-3-ene 18 chain Scheme 8. 
However on generation of the diazo-compound 19 from the sodium salt of 











At present there are no examples of intramolecular 1,3-dipolar cycloadditions in 
the literature where the regioselectivity observed experimentally is that predicted by 
FMO theory. Despite this intramolecular 1,3-dipolar cycloaddition reactions have 
proved an extremely useful technique in the synthesis of natural products 28,29 
1.7 Electrocydlic Reactions 
When the 1,3-dipole is directly conjugated to the dipolarophile, see figure 8, 
instead of reacting via a cycloaddition an electrocyclic process 18  can occur. This section 
deals only with the general reactions involved, the electrocyclisation of diazo-
compounds will be discussed at more length later in this introduction. Electrocyclic 1,3-
dipolar reactions obey Woodward Hoffmann rules 18  i.e. they conform to the principle 
of conservation of orbital symmetry. For 1,3-dipolar electrocyclic reactions there are 
three important processes. 
The first is 1,3-retroelectrocyclisation, this is a 4n-electron process and is usually 
associated with ring opening of three membered systems. It is particularly connected 
with synthesis of 1,3-dipoles like carbonyl ylides 22, Scheme 9, via photolysis or flash 
vacuum pyrolysis 30,31,32  of oxiranes 21. 
13 








When a 1,3-dipole is directly conjugated to a alkenic bond see figure 8, this 
system can undergo a thermal 67t-electron, disrotatoiy, I .5-electrocyclisation to give a 5 
membered ring. 1 .5-Electrocyclisation reactions of diazo-compounds will be discussed 





- - 	 a=b---c 
1. 3-retro-electrocycl isation 
c— 
e 	 - 	 I 	C 
b a ba" 
± 
1. 5-eleclrocyci isation 
d 	 d 
g 	- 	 g 
+ 
Nba 	 Nba 
1. 7-electrocyclisation 
Figure 8 
Of more relevance to this thesis is the third type where the 1,3-dipole is attached 
to a diene system with cxj3:y,8-unsaturation. This system is isoelectromc with the 
heptatnenyl anion and can undergo a thermal 8n-electron, conrotatory, 1.7- 
14 
electrocyclisation to give a seven membered heterocycle. All allenyl-propargyl 1,3-
dipoles of which diazoalkanes are one example undergo 1.7-electrocyclisation. The 
reaction has been less thoroughly investigated for allyl-type 1,3-dipoles but it has been 
shown that carbonyl ylides undergo both 1.5- and 1.7-ring closure. The 1.7-electrocyclic 
reactions of diene conjugated diazo-compounds will be discussed at greater length later 
in this thesis. 
1.8 Electrocylic Reactions of Diazoalkanes 
As discussed earlier, if a diazoalkane is conjugated to an unsaturated system it can 
react via an electrocyclic process to form a heterocyclic compound. An electrocyclic 
process 18  is one in which an unsaturated compound undergoes a ring closure reaction, 
which can be envisaged as an electron shift. The net result of this electron shift is the 
conversion of a it bond into a s, bond. 
1.9 1 .5-Electrocyclisation Reactions of Diazoalkanes 
Some of the first examples of 1.5-electrocyclic processes reported in the literature 
were those of diazoalkanes. If the diazoalkane moiety is conjugated to an ct,f3-
unsaturated system it can undergo a ring closure reaction. Both Adamson and Kenner 33 
and Hurd and Lui 34  independently observed that 3-diazopropene 23 reacts by a 6n-
electron, 1.5-electrocyclisation to give the 3H-pyrazole 24. This then undergoes a [1,5]-
signiatropic hydrogen shift, which gives the 1H-pyrazole 24, see Scheme 10. 
15 
H 
N 	 CN 
Hk,'N+ 
23 
H 	 25 
24 
Scheme 10 
This electrocyclic process however is dependant on the cis substituent on the a,-
unsaturated system being a hydrogen atom. This was revealed by the work of Closs, 
Closs and Boll who studied the presence of substituents on the a,-unsaturated 
system and the effect this has on the course of the reaction Scheme 11. 
CH3 
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Where R3 is a methyl group 27, the reaction proceeds via the loss of nitrogen to 
give carbene 28, which then reacts further with the a,3-unsaturated system to give the 
cyclopropene compound 29. The methyl substituent clearly blocks the I. 5-electrocyclic 
16 
process. However where R 3 is a hydrogen atom the reaction undergoes a 1.5-
electrocyclisation reaction to give the 3H-pyrazole 30 which then rearranges by a [1,5]-
sigmatropic hydrogen shift to give the 1H-pyrazole 31. 
It is of course possible that when R 3 is a methyl substituent the 1.5-
electrocyclisation may occur followed by loss of nitrogen to give a carbene like product 
i.e. cyclopropene 29, however this was discounted. When 3,3,5-trimethylpyrazole 32 
was synthesised and exposed to the reaction conditions no cyclopropene 29 




CH3 CH3 ts "CH3 	 29 CH3 
32 	Scheme 12 
It was possible by modification of the reaction conditions to isolate the diazo-
compound 27. When this compound, where R 3 = methyl 27, was heated it did indeed 
lose nitrogen to form the cyclopropene 29 isolated previously, see Scheme 11. This 
showed conclusively that the carbene species 28 was in fact the intermediate in the 
formation of the cyclopropenes isolated. 
More recently the work of Padwa 36  showed the presence of an electron 
withdrawing group on the a-carbon of the vinyl diazomethane 34 had the effect of 
inhibiting the formation of cyclopropenes 33 and therefore maximising the yield of IH-
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One possible explanation for this is the increased stability of the diazo-compound 
34. Electron withdrawing groups have the effect of stabilising diazo-compounds. 
Therefore as the diazo-compound 34 is more stable it is less likely to lose nitrogen 
before the 1.5-electrocyclisation occurs to give the 1H-pyrazole 36 and less likely to 
react via a carbene to give a cyclopropene 33 like those observed in the previous 
reaction. 
1.10 1 .7-Electrocyclisation of Diazoalkanes 
It has been shown by Sharp and co-workers 	' that the 1.7-electrocyclisation 
of a,3:y,6-unsaturated diazo-compounds provide an excellent route to 1,2-diazepines 
and the 2,3-benzo-fused analogues of these compounds. The a,3:y,8-unsaturated diazo-
compounds are isoelectromc with the heptatrienyl anion that undergoes an 87r-electron, 
thermal conrotatory electrocyclic ring closure reaction. It is possible in principle for a 
a,3:y,6-unsaturated diazo-compound like example 37, see Scheme 14, to react via both 
a 6n-electron, 1.5-electrocyclisation to give a pyrazole 38, or by an 8n-electron 1.7- 
electrocyclisation to give a diazepine 39. It is the nature of the aj and 'y,-double bonds 
18 
which form the unsaturated system that determine the periselectivity of the reaction. 
They can either be olefimc in nature or part of a benzene or heterocyclic ring system. 
RI 




1 .7-electrocyclisation -electrocyclisation L. NN 




There are four possible variations of the system, all of which have been studied 
extensively by the Sharp and co-workers. 
The first example and simplest example is where both the aj3 and 'y,8 double 
bonds are of the olefimc type 40,  Scheme 15, see dia.zo-compound 40. In this particular 
case both 6it electron 1,5 and 871 electron 1.7-electrocyclisation reactions could compete 







H 1 .7-electrocyclisation J' 'N 
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However these diazo-compounds 40 react exclusively via an 8it electron 1.7- 
electrocyclisation to give 1,2-dia.zepines 41. It has been suggested by Sharp 40  that the 
19 
1.7-electrocyclisation proceeds via a less strained transition state than the competing 
1. 5-electrocyclisation. 
The second system 39,41  is when the a,-double bond is part of an aromatic or 
heterocyclic ring, however the y,6-double bond is still olefinic, see Scheme 16. Here the 
diazo-compound 43 reacts exclusively by 87t electron 1.7-electrocyclisation ring 
closure, to give the intermediate 44, which then undergoes a rapid [1,5]-sigmatropic 
hydrogen shift. The driving force behind the rapid hydrogen shift is the restoration of 
the aromaticity of the benzene ring, this then gives the 1H-2,3-benzodiazepine 45. To 
react via a 1 .5-electrocyclisation would require the disruption of the aromaticity of the 
benzene ring. The energy required for this process is too high therefore the 1.5-
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One reaction studied extensively by Sharp 42  is the base catalysed isomerisation of 
1H-2,3-benzodiazepines 45 to their 5H-isomers 46. This occurs so readily that even a 
slight excess of base used in formation of the sodium salt of the tosyihydrazone used to 
generate the diazo-compound 43 in the synthesis of the IH-isomer 45 causes this 
isomerisation. This rearrangement occurs so readily because it brings about the 
replacement of the weaker carbon, carbon double bond and the weak nitrogen, nitrogen 
double bond in the 1H-isomer 45 by two strong carbon, nitrogen double bonds in the 
ze 
5H-isomer 46, see Scheme 17. Another reaction which 1H-2,3-benzodiazepines undergo 











It is not necessary for the a,f3-double bond to be part of a benzene ring, it can be 
replaced by a heterocycle. Sharp and Munro investigated systems where the a,0- 
double bond forms part of a thiophene ring, see 48, 49 and 50 Scheme 18. Where the 
aj-double bond is the 2,3-double bond of the thiophene, the diazoalkane exclusively 
undergoes an 8it electron, 1.7-electrocyclisation to give thieno[3,2-d}diazepines 51 and 
thieno[2,3-d]-[1,2]diazepines 52. However where the a,3-double bond is the 3,4-double 
bond of the thiophene ring then the diazo-compound 50 fails to undergo a 1.7-
electrocyclisation reaction to give thieno[2,3-c] [1,2] diazepine 53 but instead loses 
nitrogen to give a carbene and reacts further to give 'typical' carbene products 54, 55 
and 56. 
The resonance stabilisation energy of the thiophene ring is lower than that of a benzene 
ring 	This explains why when the a,-double bond corresponds to the 2,3-double 
bond of the thiophene 48 and 49 then 1. 7-electrocyclisation occurs to give thieno-fused 
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diazepine products 51 and 52, as there is full conjugation between the diazoalkane 
moiety and the (x, y8-unsaturated bonds. 
Ph 	 Ph 	 Ph 
tj 	 11 
_ N1_ r (N 
CS 	 S
] 






IN 	 —Ph 	10 
S A 
H 












:dq 53 H H 
Scheme 18 
However when the a,3-double bond is the 3,4-double bond of the thiophene 50 the 
'alkemc character' of that bond is insufficient for full conjugation of the diazoalkane 
moiety and the unsaturated system. So a 1.7-electrocyclisation does not take place the 
molecule and instead loses nitrogen to give a carbene, which then reacts to give 54, 55 
and 56. 
It has been observed by Sharp and Munro 41  that it is vital in diazo-compounds of 
type 57 that the cis substituent on the y,-double bond is a hydrogen atom, Scheme 19. 
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In all cases where this is not the case then the 1 .7-electrocyclisation reaction was 
completely inhibited and only carbene products were isolated. 
R=Me(58) 
H 	CO2Me (59) 
Ph (60) 




Where the cis substituent is a methyl group 58, which has poor mobility in 
sigmatropic shifts, it would seem reasonable to expect 'typical' carbene products to be 
the products of the reaction. However where the cis substituent was a phenyl 60 or a 
methyl ester 59 both of which have greater mobility than hydrogen in sigmatropic shifts 
then these compounds were expected to undergo 1 .7-electrocyclisation reactions 
followed by a sigmatropic shift of the respective groups. However it was found in all 
three cases that none underwent I .7-electrocyclisation reactions to give benzo-fused 
diazepines. Instead all lost nitrogen to give a carbene intermediate which then reacted 
further to give typical carbene products. Therefore it was not the mobility of the group 
in sigmatropic shifts that governed the course of the reaction it was the initial attack of 
the diazoalkane. This was confirmed by the failure of diazo-compound 63 to undergo 
electrocyclisation while the trans isomer 62 did cyclise, Scheme 20. Therefore the cis 
isomer does not undergo 1.7-electrocyclisation to the intermediate 64. 
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63 Scheme 20 
Effectively the cis group was interfering with the initial 1.7-electrocyclisation and 
blocking the ability of the diazoalkane to react. It was this result that led to Sharp £t 
proposing the helical transition state for 1 .7-electrocyclisation. This transition state 
geometry brings the bonding atoms into maximum orbital overlap with the minimum of 
distortion to the conjugated it-bonds, see figure 9. 
H 
IN 
Bulky cis substituent 
Helical transition state of the 1.7-electrocyclisation reaction. 
Figure 9 
This also accounts for the inability of compounds 58, 59 and 60 to undergo 1.7-
electrocyclisation. The presence of bulky a group X in the cis position on the y,6-double 
bond disrupts the helical transition state and prevents bonding overlap of the terminal 
nitrogen and carbon. Models have showed that a methyl group 62 in this position has a 
significant interaction with the nitrogen indicated which prevents the required orbital 
overlap. To attain the required overlap for bonding to take place the it-system would 
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have to twist so significantly that conjugation between the oleflmc system and the 
diazoalkane would be lost and 1.7-electrocyclisation could not take place. 
The third type of system studied by Sharp is one in which both the a,-double 
bond and the y,6-double bond are part of a benzene or heterocyclic ring 66. Very little 
work has been performed on these systems. It has been found that in all cases they fail 
to react via a 1. 7-electrocyclisation route but instead lose nitrogen to give the carbene 
intermediate 67, which then reacts to give typical carbene products 68, Scheme 21. 
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Scheme 21 
The probable reason for this failure to react via a 1.7-electrocyclisation is the 
presence of two aromatic rings which raises the activation energy of the 1.7-
electrocyclisation to such an extent that it is above that for carbene formation. 
The final type of system examined by Sharp 40  is where the aj-double bond is 
olefinic and the y,-double bond is part of a benzene ring. The situation is far more 
complicated to rationalise. Examples have been found in which the molecule reacts by 
both 1.5-electrocyclisation and 1.7-electrocyclisation. However the periselectivity it is 
dependent on the substituent on the a-carbon of the diazo-functional group. 
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For the simple diazo-compound 71 with a methyl substituent on the cc-carbon, the 
molecule reacts exclusively via 1. 5-electrocyclisation to give pyrazole 72 40,  see below. 
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However when a cyclopentane ring 41  was fused at this position i.e. in diazo-
compound 73 the periselectivity of the reaction changed completely, from 1.5-
electrocyclisation to 1.7-electrocyclisation, Scheme 23, to give as the sole product of the 
reaction the 1 ,2-benzodiazepine 75. On increasing the size of this ring from cyclopentyl 
73 to cyclohexyl 74 the periselectivity was completely reversed back to 1.5-
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Scheme 23 
Modelling studies show that it is the distance from the terminal nitrogen to the 
reactive site, which is crucial in determining the periselectivity in this reaction. In the 
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diazoalkane 73, the distance to the reaction site to produce a compound corresponding 
to a 1.5-electrocyclisation is 382 pm and it is observed that this mode of reaction does 
not compete with 1.7-electrocyclisation. However when the cyclopentyl ring in diazo-
compound 73 is replaced by a cyclohexyl ring 74 that distance is reduced to 348 pm and 





73 	 74 
Figure 10 
When Sharp and co-workers 40  fused a cyclopentenyl ring across the ct,r3-double 
bond, Scheme 21 over the page, the resulting diazo-compound 77 reacted via all three 
modes i.e. 1 .7-electrocyclisation, 1 .5-electrocyclisation and carbene formation. 
However it was noted that prolonged reaction times increased the ratio of diazepine 78 
in relation to pyrazole 79. This suggests that the kinetically favoured process was the 
6it-electron, 1.5-electrocyclisation to give pyrazole 79 and that this process was 
reversible giving diazo-compound 77. This then reacts to form the more stable 
diazepine 78 or the diazo-compound 77 loses nitrogen to give carbene 80, which reacts 
further to give indene 81. This was the first example of the isomerisation of a pyrazole 
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Scheme 24 
This effect too can be rationalised in terms of separation of the terminal nitrogen 
and the reactive site. In the example of diazo-compound 77 the separation is 364 pm, 
which is not as great as seen in cyclopentyl diazo-compound 73, but more than that of 
cyclohexyl diazo-compound 74, see figure 11. 
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Figure 11 
Recently Padwa 36  reported that the presence of an electron withdrawing 
substituent on the a-carbon of diazo-compound 82, Scheme 25, also changes the 
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Scheme 25 
It would appear that the ester had an effect similar to that of the cyclopentyl ring 
in compound 72. However from the evidence provided in the paper it is far from clear 
whether the diazepine was in fact formed in this reaction. The 'H NMR spectrum and 
the appearance of the product, a colourless oil, are both completely different from 
'typical diazepines' observed previously by the Sharp group. 
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1.11 11-Cycloadditions of Nitrenes 
It is possible as seen earlier in this introduction to envisage five possible canonical 
structures for the diazomethane molecule see figure 12. 
The canonical structure of particular interest here is that of structure ii first 
proposed by Huisgen 2  This does not posses the formal charges of the other canonical 
structure and is known as a mtrene. 
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It has very similar reactivity to a carbene species i.e. reactivity towards olefinic 
bonds see page 35. However the proposal of a nitrene like species by Huisgen 2  meant 
theoretically that diazoalkanes could undergo 1,1-cycloadditions. Both Padwa 46 and 
Zecchi 47  have observed that the 1,3-dipolar species such as mtrile ylides and nitrile 
imines react readily via 1,1-cycloadditions. However it was in 1980 that both Padwa 48 
and Miyashi 49 independently reported the first examples of mtrene-like 1,1-
cycloaddition reaction with an olefinic bond, though Miyashi 49  was first to report this 
particular reaction. 
Miyashi 	found that the structure of the olefinic system was crucial to the 
reaction. It had to prevent the intramolecular 1,3-dipolar cycloaddition from becoming 
competitive with the 1,1-cycloaddition of the nitrene species. The compounds, which 
best achieved this were 2-allyl-substituted diazomethanes, see Scheme 26. 
0 N a N NaH 	'J 	1L 	(CH2) 
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Scheme 26 
The short spacer group between the diazoalkane and the alkene moiety prevent the 
attainment of the parallel planes transition state required for an intramolecular 1,3-
dipolar cycloaddition reaction to occur. Also as there was no direct conjugation between 
the 1,3-dipole and the alkene group it is not possible for an electrocyclic ring closure 
reaction to occur. Therefore both these modes of reaction become uncompetitive and the 
1,1 -cycloaddition reaction dominates. Miyashi 49  observed that after generation of the 
diazoalkane 86 from the sodium salt of tosylhydrazone 85, the deep red colour due to 86 
faded and the 1,2-diazabicyclo[3. 1.0]hex-2-ene 87 was formed. What was also observed 
was that this particular reaction was completely reversible. When a solution of 87 was 
heated in perdeuteriotoluene the 1 H NMR spectrum and the infrared spectrum indicated 
the presence of diazoalkane 86 in the reaction mixture. Miyashi also proved a 1,3-
dipolar intermediate was present in the initial reaction by trapping it with dimethyl 
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Scheme 27 
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Padwa 48  demonstrated the presence of a 1,1-cycloaddition process in the 
synthesis of 3,6-diphenylpyridazine 93. When the sodium salt of tosylhydrazone 89 was 
heated it gave rise to 1,2-diazabicyclo[3. 1.0]hex-2-ene 91 see Scheme 28. This 
compound 91 on heating ring expands to dihydropyridazine 92, which on oxidation 
gives 93. The compound's structure was confirmed by the synthesis of the authentic 
compound by treating 1 ,2-dibenzoylethane with hydrazine. 
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The intermediacy of diazoalkane 90 in the reaction was shown by treatment with 
methanolic hydrochloric acid, this first protonates the diazoalkane a-carbon then the 
methanol acts as a nucleophile and displaces nitrogen to give 94. Again the 1,1-
cycloaddition reaction was demonstrated to be reversible and on its reverse no 
isomerisation of the olefimc bond was observed by 'H NIMR spectroscopy. However 
Padwa 48  postulated that what initially appears to be the product of a 1,1-cycloaddition 
may infact be the result of a attack of the terminal nitrogen on the double bond to 
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Scheme 29 
This diradical 95 ring closes to give 91 Padwa's postulated this was the case due 
to the formation of stronger bonds and less strain energy on the molecule. However 
Mjyashi 50  went on to produce strong evidence that the reaction is indeed a concerted 
one. When the sodium salt of tosyihydrazone 96 was heated and the products of this 
reaction are examined only diazoalkane 97 and the endo isomer of 98 was found to be 
present. If the reaction were indeed passing through a diradical intermediate 95 then 
both endo and exo isomers would be present, as the ring closure reaction would not be 
stereoselective. This result proves that the 1,1 -cycloaddition is indeed stereoselective 
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Miyashi 5° also went on to show that the 1,1-cycloaddition process only occurs in 
the above specific cases, see Scheme 31. When diazoalkane is synthesised (n = 0), the 
exclusive reaction mechanisms is as expected a 1.5-electrocyclisation to give a 
pyrazole. When (n = 1) the reaction exclusively undergoes a 1,1-cycloaddition reaction. 
As discussed earlier the molecule can not attain the transition state required for 
intramolecular 1,3-dipolar cycloaddition so it undergoes a 1,1-cycloaddition instead. 
When (n = 2, 3) then intramolecular 1,3-dipolar cycloaddition becomes competitive 
once more as the molecule reacts exclusively by this mechanism. 
(CH2)n 
I 	 n'O 
I 	 1.5-electrocyclisatiori 
N 
=2, 3. 	1,1-cycloaddition 
[3+2]-Cycloaddition 
Scheme 31. 
1.12 Carbene Formation 
One notable reaction of diazoalkanes is the loss of nitrogen to give a carbene 
species. This can occur by either thermal or by photochemical decomposition and has 
been widely used as a method of producing carbene species. 
There are two types of carbene species one possess an sp 2 hybridised carbon with 
two substituents bonded to it an empty sp 2 hybridised orbital and a p orbital containing 
two electrons, this is known as the singlet state. The second is an sp hybridised carbon 
with two substituents bonded to it with two p orbitals each containing a single parallel 
spin electron, this is known as the triplet state, see figure 13. 
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Figure 13 
The carbene species itself is a neutral highly reactive species which when formed 
in solution has a very short lifetime, usually less than one second. They react 
particularly readily with multiple bonds e.g. alkenes, alkynes and aromatic ring systems. 
However when formed from diazoalkanes they also undergo a variety of reactions, 
formation of azines, abstraction of hydrogens, solvent insertion reactions and 
dimensation 51, 52. 
Sometimes however a reaction may appear to pass through a carbene intermediate 
but it can in fact be a compound formed by the diazoalkane that loses nitrogen to give a 
product. Also in photochemical or thermal generation of diazoalkanes it may not be a 
carbene intermediate, but an excited state of the dia.zoalkane 53  itself that reacts to give 
'carbene like products'. 
Thermolysis of diazoalkanes can lead to three common side reactions see Scheme 
32 over page. Diazoalkanes 99 react readily with acid or with atmospheric moisture to 
give the protonated intermediate 100, this then loses nitrogen to give a carbocationic 
species 101, which then reacts further. If there is a large concentration of diazoalkane 99 
present when a carbene species 102 is generated the carbene can react with 99 to 
produce azine dimer 103. It is also possible for the carbene to react with itself to 
produce an alkene 104. However due to the short lived nature of the carbene species 
statistically this product is less likely than the azine dimer 103. 
35 
- + 	 H 	R 	+ 	-N2 	R>H R2C-NN 	
11 
R R 
99 	 100 	 101 
	
\N2 	 + 
R2C-NN 
99 	R 	 R 
R> : 






1.13 Palladium Mediated Coupling Reactions 
There were until recently few organic reactions that formed carbon-carbon bonds 
between olefimc systems. This area of synthesis was revolutionised by Heck 54  and 
Suzuki . Their key discovery was that certain transition metal elements catalysed the 
cross coupling reactions between organic halides and organometallic derivatives. The 
metals most frequently used for this purpose were palladium and nickel. 
The range of organometallic reagents include Grignard reagents 56  boromc acids 
55 and organotin derivatives 57.  Grignard reagents can be readily coupled to organic 
halides using dichioropropanobisdiphenyiphosphine nickel (H) catalyst 56;  similarly 
organo tin derivatives 57  can be coupled using either palladium (II) or palladium (0) 
catalysts. However the cross coupling reaction used solely in this thesis was that devised 
by Suzuki 55  involving the coupling reaction between a boromc acid and an appropriate 
organic halide, see Scheme 33. 
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R—X + RI—B(OH)2 	R—R1 + X—B(011)2 
Scheme 33 
Boronic acids can be readily prepared by the treatment of an organolithium 
species or from a Grignard reagent with an alkyl borate. This gives a borate ester, which 
is readily hydrolysed to the boromc acid by treatment with mild base, see Scheme 34. 
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It is possible to perform cross coupling reactions with the borate ester 58  however 
it is often easier to purify the crystalline boromc acids. Once synthesised the boronic 
acid group is surprisingly stable to most organic reagents for example it is possible to 
perform further organolithium reactions in the presence of the boronic acid functionality 
e.g. the conversion of 105 to 106, see Scheme 36. 
xsBuLi,-78°C 
B(OH SnC1Bu3 CS),  	BSnSB(OI2 
105 	 106 
Scheme 36 
This gives a potentially useful intermediate, which with variation of conditions 
can undergo selective cross coupling reactions 59 .  
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The boromc acid 107 can then undergo palladium catalysed coupling reactions 
with organic halide 108 it was Suzuki 55  who used the reaction to produce a wide range 
of substituted biphenyl derivatives 109, see Scheme 37. However the reaction involved 
a 'two phase' solvent system using water and a hydrocarbon solvent for example 
benzene or toluene. This meant the reaction often took over 24 hours to give moderate 









An improvement in yields can be obtained by using Gronowitz's 60  method which 
uses dimethoxyethane as the solvent instead of benzene. Using a 10 % excess of boronic 
acid and equimolar quantities of sodium carbonate the yields may be improved further. 
The catalyst used in both the above reactions was tetrakistriphenyiphosphine palladium 
(0). Palladium (0) compounds are particularly good as catalysts for this reaction due to 
their ability to readily change from 16 electron species to 18 electron species. The 
proposed catalytic cycle suggested by Suzuki 55  is shown in Scheme 38. 
It has be shown more recently by Styring 61  that the presence of the 
triphenyiphosphine ligands is also not necessary for the reaction to take place and that 














Proposed catalytic cycle for tetrakistriphenyiphosphine palladium (0) 
Scheme 38 
1.14 Triene-conjuiated Nitrile Ylides 
Work by both Padwa et al 62  and Sharp et a! 63  has shown that diene conjugated 
nitrile ylides provide a general route to fused benzazepines. However the mechanism of 
the reaction is somewhat different from that of diene conjugated diazoalkanes, see 
Scheme 39 over page. 
Nitrile ylides of type 110 when generated at room temperature give the exo-
cyclopropa[c] isoquinoline 112 as the primary product, however it isn't clear whether 
this is formed by a single step reaction, via a 1,1-cycloaddition. It is equally likely to be 
formed by a two step reaction i.e. a 1.7-electrocyclisation followed by a 67r-ring 
contraction. When the cyclopropa[c] isoquinoline 112 is heated it undergoes a rapid 
exo- 112 endo- 113 isomer equilibrium via a 6ir ring expansion to 111 and ring 
contraction. However where the cis substituent is a hydrogen atom the equilibrium is 
followed by a slow [1,51-hydrogen shift to give benza.zepine 114. Diene-conjugated 
diazo-compounds of type 115 undergo 1.7-electrocyclisation to give the intermediate 
39 
116 followed by a [1,5]-hydrogen shift to give 117, no evidence has been found for the 
existence of a 1, 1 -cycloaddition mechanism similar to that for nitrile ylides. 
H 	 R ' L7-elecirocyclisation 	 *[15]..H shift 
NN 
	
4 115 H 	 116 	H 	 117 
R 
Ph 





C OCN Ph LII  
110 	/ 	 112 113 . 
H 





z Ph .* 
. 	 H 
ill 	H 	 111 
[1,51-H shift 
Ph 
cç1114 H A Ph 
Scheme 39 
40 










I irV R4 
" 
RI R2/4 






RI 	R2 RI 
R3 	
R3 









The work of Sharp and Strachan 64, 65 extended this from diene to triene 
conjugated nitrile ylides. Here it is obvious that there are many paths the reaction could 
in principle follow, Scheme 40. 
Scheme 40 
What follows is a brief description of the various reactions and rearrangements 
illustrated in Scheme 40. In pathway 1, if R 2 is a hydrogen atom and if the reaction can 
form the cyclopropa[c] isoquinoline 119 described earlier then this can undergo ring 
expansion followed by a 1.7-electrocyclisation to give the fused benzazepine 120. 
Pathway 2 illustrates a 1,1-cycloaddition reaction of the nitrile ylide 118 with the - 
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double bond to give fused benzoazocine 121. Pathway 3, illustrates a possible 1.9-
electrocyclisation reaction intermediate 122, it is possible for this intermediate 122 to 
undergo several rearrangements to give various products for example pathway 4. This 
undergoes an 87t ring contraction to give a product identical to that of a 1,1-
cycloaddtion reaction of the nitrile ylide 118 with the c,-double bond seen illustrated in 
pathway 2. Where R4 is a hydrogen atom then intermediate 122 could undergo various 
sigmatropic hydrogen shifts to give the fused benzoazonine 123. Finally intermediate 
122 could undergo a 6n-ring contraction to give compound 124 as seen in pathway 6. 
However it is possible to form this product 7 observed in the previous path by a [3+2]-
cycloaddition reaction of the nitrile ylide 118 with the terminal s,-double bond. 
Pathway 8, illustrates a 1,1-cycloaddtion reaction of 118 with the T,8-double bond this 
gives cyclopropa[c] isoquinoline 119 described earlier in pathway 1. Finally the nitrile 
ylide 118 could react with itself i.e. a dimerisation to give mtrile ylide dimers 125. 
Initially Sharp and Strachan 69  investigated the reactions of the all cis triene 
conjugated system. As Scheme 40 illustrates, there are a variety of reaction pathways, 
which could be followed, and the work was performed to see which if any of these 
reaction pathways were dominant and could be exploited synthetically. The synthesis of 
these all cis compounds is described in detail later in the discussion section of this 
thesis, what follows is a brief overview of that synthesis. 
The molecule was synthesised in two parts, a bromodiene 127 and the boronic 
acid 130. The bromodiene was prepared using Arnold's bromoformylation reaction to 
give 126 followed by either a Wittig 67  or Wadsworth—Emmons 68  reaction to give the 
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The boronic acid was prepared from 2-bromobenzyl alcohol 128. The key step 
was the synthesis of N-benzoyl-2-bromobenzyl amine 129 and the synthesis of the 
boronic acid 130 was achieved using the method of Reece 69 see Scheme 42. 
aCB 	 Br 	 B(OH)2 
CI'ICH2NHcOPh  1. 	I 
128 	 129 	
CH2NHCOPh 
130 
PhCN, FSO4, 70 OC. 
MeLi, -780C, t-ButylLi -780C, triispropylborate, HC1. 
Scheme 42 
The bromodiene 126 and the boromc acid 130 were coupled using Suzuki's 55 
palladium catalysed cross coupling reaction to give the all cis nitrile ylide precursor 







130 	 127 	R3 	131 
i. Pd(PPh3)4, Na2CO3, DME, H2 0. 
Scheme 43 
43 
1. 15 Reactions of Triene-conjusated cis Nitrile Ylides 
The nitrite ylides 118 were generated by the base induced 1,3-dehydrochlorination 
of an imidoyl chloride 132, which was in turn synthesised by a reaction of 131 with 
thionyl chloride or N,N-dimethylformamidinium chloride see Scheme 44. 
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SOC1, ether, or SOCl2, DMF, CH202. 
Base, Lithium bis(trmthy1si1y1) amide. 
Scheme 44 
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As described in Scheme 40, the initial reaction of the nitrite ylide species was 
found to be 1,1 -cycloaddition with the y,8-double bond to give 
cyclopropa[c]isoquinoline 119, however this product was not observed in the reaction 
mixture even at temperatures as low as 0 °C but instead it rearranged rapidly via the 
route shown in Scheme 45. 
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118 1 R4=H 
i. Lithium(bislrimethylsilyl)amide 
/ R4 H 
Unidentifiable products 
133 
Scheme 45 	 R 
The 1,1-cycloaddition reaction is stereospecific and gives the endo isomer as the 
sole product. When R4 is a hydrogen atom this then undergoes a rapid aza-Cope 
rearrangement illustrated in Figure 14, see next page. The only isolated product of the 
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reaction was bridged isoquinolme 133 in a range of yields from 20-65 %, see table 3 
below. 
R' R2 R3 R4 Comp. No. 
Yield (%) 
Me Ph Ph H 133 (65) 
Me Ph Me H 134 (46) 
Me Ph CO2Me H 135(20) 
(CH2)3 n/a Ph H 136 (63) 
(CH2)3 n/a CO2Me H 137 (42) 
Me Ph Me Me 138 
Table 3 
Evidence of this aza-Cope rearrangement, figure 14, was reinforced when 
compound 138 where R4 was a methyl group failed to give a bridged isoquinoline 
product. Instead a compound with a structure identified as similar that of the 
cyclopropa[c]isoquinoline 118 was observed, however this was very unstable and 




Aza-Cope rearrangement of 118 
Figure 14 
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These bridged isoquinolines see table 3 and structure 133 were of interest due to 
their structural similarity to the basic skeleton of the isopavine alkaloids see Figure 15. 
Many syntheses of these products have been reported in the literature 70  these however 
will not be discussed further here. 
OMe 







1.16 Reactions of Triene-coniugated trans Nitrile Ylides 
Having investigated the reactions of triene-conjugated nitrile ylides with cis 
stereochemistry at the y,8-double bond, Sharp et a! 64, 65  then investigated the reactions 
of triene-conjugated nitrile ylides where the stereochemistry of the y,8-double bond was 
trans, these were synthesised by two separate methods. The first were synthesised by 
the method described previously, which involved the coupling reaction of bromodiene 
143 with the trans stereochemistry and boronic acid 129. The second was synthesised 
from aldehyde 140 synthesised by Crawshaw 65 then converted to its oxime and reduced 
to the amine 141. This was then converted to the amide 142, which was the mtrile ylide 
precursor, see Scheme 46 over page. 
46 
Ph 	 Ph 	 Ph 
CH CHO NH2 
140 	 141 	 142 
R4 
+ R1>_<..=<3 iv. 
CHNHCOPh Br 	R2 







Zn, NH40H, NH40AC. 
PhCOCI, Na2CO3. 
Pd(PPh3)4, Na2CO3, H20, DME. 
Scheme 46 
These compounds 142, 144 and 145 were studied initially to assist in determining 
the mechanism of the reaction. The nitrile ylide precursor 144 was expected to react via 
a stereospecific 1,1 -cycloaddition reaction to give the exo isomer of the 
cyclopropa[c]isoquinoline 147, see Scheme 47. It would be impossible for this 
compound to react via the mechanism observed for the cis isomer, i.e. the aza-Cope 
rearrangement to give the bridged isoquinoline species 133, see Scheme 45, and it was 
hoped that it would therefore be stable enough to be isolated and characterised 
R' R2 R3 R4 Compound 
No. 
Me Ph H Ph 144 
Me Ph Ph H 145 
Table 4 
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This proved to be the case and the product from 146 was found to be a stable 










Thionyl chloride, ether at reflux or thionyl chloride, DMF, room temperature. 
Lithium bis(trimethylsilyl)amide, OC. 
Scheme 47 
It was expected that on heating the exo isomer would in equilibrium with the endo 
isomer and the latter would undergo the rapid aza-Cope rearrangement to give the 
bridged isoquinolines formed by the cis nitrite ylides. However the products on heating 
of compounds 147 were found to depend on the nature and size of the substituents on 
the cyclopropyl ring. 
When the nitrite ylide of compound 142 was generated it reacted via a 1,1-
cycloaddition and gave the exo isomer 148. The substituents on the cyclopropyl ring 
were all hydrogen and 148 underwent exo 148, endo 149 isomerisation readily then 
rearranged exclusively via an aza-Cope reaction to the bridged isoquinoline 150 
observed in previous reactions, see Scheme 48. No evidence of 2-benzazepines 151 as a 
product of this reaction could be found, see Scheme 48. This is perhaps surprising as 
earlier in this introduction see Scheme 40 these were postulated as one of possible 
products of this reaction. It therefore must be concluded that the rate of the sigmatropic 
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When the cyclopropyl ring has larger substituents for example phenyl and methyl 
groups the bridged isoquinoline 156 becomes the minor product, isolated in only 35 % 
yield. It is thought that this is because the isomensation to the endo isomer is now 
slower due to steric bulk of these substituents. Instead the major product was the 






























+ R21 ph 
159 
major product 
The mechanism illustrated in Scheme 49 is the most likely one for the formation 
of 159. Upon heating 156 undergoes a [1,5]-sigmatropic carbon shift to give 157. This 
reaction was observed by Sharp et al 71  in the synthesis of 5H-benzazepines. This 157 
then ring expands to give 5H-benzazepine 158, which is not isolated, but under the 
reaction conditions undergoes a further Diels-Alder reaction to give the 
azabenzo[3,4]barbaralane 159. The Diels-Alder reaction of a similar all carbon analogue 
of this compound was observed by Jones 72 . should however be noted that there are 
several other possible mechanisms of formation of this particular product. 
In summary both the cis and the trans nitrile ylides give 1,4-
prop[2]enoisoquinolines which are analogues in structure to isopavine alkaloids, though 
50 
in the case of the trans isomers the yield of the bridged isoquinolines is dependant on 
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2.9.iii. Attempted Synthesis of Diethyl (3 ,3-diphenylprop-2-enoyl) 






2.1 The Reactions of Diene-Conjugated a-Diazoesters 
2.2 Preamble 
This thesis is concerned with the reactions of diene- and triene-conjugated 
diazo-compounds. The area of the diene-conjugated systems has been the subject of 
extensive research by Sharp and co-workers 40, 41 This work has already been 
discussed previously in this thesis but by way of a reminder, see Scheme 50. 




1 .7-Elecirocyclisation only. 
162 
	I + 	
= Alkyl or aryl 
Carbene derived products 
Scheme 50 
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In the case 160 where both the a,3 and 'y,&-unsaturation form part of an 
aromatic ring the exclusive reaction is via the loss of nitrogen to form carbene 
derived products. 
In the case of 161 where the aj3-unsaturation is olefimc and y,8 forms part of 
an aromatic ring two separate reaction pathways are possible. However in the simple 
case shown in Scheme 50, shown only 1.5-electrocyclisation occurs 40 
In the case of 162 where the a,-unsaturation forms part of an aromatic ring 
and the y,6-unsaturation is olefimc the reaction path depends on the nature of R 2 . 
Where R2 = H then the molecule reacts exclusively by the 1.7-electrocyclisation 
pathway, however where R 2 # H, then loss of nitrogen occurs and carbene-derived 
products result 41. 
In the case 163 where both aj3 and y,&-unsaturation are olefimc in nature then 
both 1.5 and 1.7-electrocyclisation pathways are possible in principle, however, only 
1.7- electrocyclisation to give the diazepine 163 occurs with no pyrazole 165 formed 
by the competing 1.5-electrocyclisation 40, see Scheme 51. 
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The first section of the discussion is mainly concerned with the reactions of 
161, see Scheme 50, and attempts to change the periselectivity of the reaction from 
1 .5-electrocyclisation to 1 .7-electrocyclisation. 
Previous work by Sharp 40,  discussed earlier has shown that these systems can 
be forced to react exclusively via 1.7-electrocycisation, to give 75 by the 





When the cyclopentyl ring is fused at a,-position as in the diazoalkane 77, 
then this reacts via three separate modes, carbene formation, and both 1.5 and 1.7-
electrocyclisation, to give 78, 79 and 81. This is the first and only example of a 3-















When the cyclopentyl ring in 73 is replaced with a cyclohexyl ring 74 then the 
presence of the ring has no effect and 1 .5-electrocyclisation becomes the favoured 
pathway see Scheme 54 41 
Ph 	
Ph Ph 
OOD l.5- CCN / 
74 	NN N 	 76 
Scheme 54 
The periselectivity can be rationalised in terms of the separation of -carbon 
atom and the double bonds and the terminal nitrogen of the diazoalkane, see figure 
16. 
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pm 	 pm  cjIT-.-4 pm 
- NN 
I + 	 + 	77 
73 	 74 
Figure 16 
The separation of the termini is greatest in 73 where the inclusion of the 
cyclopentyl ring apparently make it impossible for the diazoalkane moiety to 'bend' 
far enough to react via the 1 .5-electrocyclisation pathway and as a consequence only 
products of the 1.7-electrocyclisation pathway are seen. In the case of where the 
cyclopentyl ring is fused across the a,3-position 77, the distance between the termini 
is not so great and therefore it is possible for the diazoalkane to react by both 1.5 and 
1 .7-electrocyclisation modes. When the cyclopentyl ring is replaced with a 
cyclohexyl ring 74, the distance is short enough for the 1.5-electrocyclisation path to 
be dominant over that of 1 .7-electrocyclisation. 
The above were the only examples in the literature where the periselectivity of 
electrocyclisation in diazoalkanes was controlled by structural features, until the 
work of Padwa 36  He reported that the a-diazoester 82, on heating, reacted via 1.7-
electrocyclisation to give diazepine 83, Scheme 55. This contrasts with the exclusive 




82 	 [1,5]Hshifl 
83 
Scheme 55 
The ester group was therefore having a similar effect to that of the cyclopentyl 
ring in compound 72, and changing the periselectivity from 1.5 to 1.7-
electrocyclisation. 
2.3. Programme of Research 
The effect of the ester substituent reported by Padwa 36  was thought to be very 
surprising and it was felt that further investigation was needed. If electron 
withdrawing groups such as esters reverse the periselectivity of the reaction then this 
could lead to simple routes to previously unobtainable seven membered ring 
heterocyclic compounds. So the following tosyihydrazones were selected as 
synthetic targets for this section of work, Scheme 56. 
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The method chosen for the generation of the diazo-compounds was the base 
induced thermal decomposition of the tosylhydrazones 12  This is a well-known 
technique of producing dia.zo-compound intermediates under aprotic conditions and 
has been widely and successfully used by the group in the past. 
2.4. Synthetic Strategy 
As mentioned previously a route was required to the above a-diazoesters and 
a-diazophosphonate esters. These would be generated by the Bamford Stevens 12 
reaction, the base catalysed decomposition of a suitable tosyihydrazone. This would 
require the synthesis of the appropriate tosylhydrazones precursors, via a-ketoesters 
and a-ketophosphonates as precursors. So the following synthetic scheme was 
proposed, see Scheme 57 over page. 
The key step in the synthesis of target tosyihydrazone 166 is the conversion of 
the mtnle compound 174 to the a-ketoester 175. It was hoped that this could be 
achieved by the method of Eastham et al 73 . Synthesis of the tosylhydrazone target 
materials could then be performed by a condensation reaction with tosyihydrazine. 
We 
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R2 = Me 
Scheme 57 
Similarly the key step in the synthesis of target tosylhydrazone 167 was the 
synthesis of a-ketophosphonate 177. This could be achieved by the Arbuzov 74 
reaction. Again synthesis of the target tosyihydrazone 167 could be achieved with a 
condensation reaction with tosyihydrazine. 
N—NHTs 	 N 
Ri—c 	 R1_< + 




R2 = PO(OE02 CO2Me 
Scheme 58 
61 
Diazoalkanes 179 would be generated as mentioned previously by the Bamford 
Stevens reaction 12  i.e. the base catalysed thermal decomposition of the sodium salt 
of tosyihydrazone 166 under aprotic conditions, Scheme 58. 
Finally as a comparison of the work above diazo-compound 82 would be 
synthesised using the method outlined in the paper ofPadwa 36 
2.5. Results 
2.5.i Synthesis of Ethyl 2-oxo-3-phenylethanoate 182 and Methyl 2-oxo-3-
phenylethanoate tosylhydrazone 184 
Several of the steps in the synthesis outlined in Scheme 57 were new to the 
group therefore it felt best to pilot some of them before attempting to performed 
them on expensive starting materials. 
It was proposed to attempt the synthesis of ethyl 2-oxo-2-phenylethanoate 182 
and methyl 2-oxo-2-phenylethanoate tosylhydrazone 184, Scheme 59. The starting 






180 	 181 	 182 
CuCN,MeCN. 
HC1, MeOH, ether, water. 
Scheme 59 
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Using the method of Normant et a, benzoyl chloride 180 and cuprous 
cyanide were heated briefly under reflux. The black tar formed was extracted with 
ether and the precipitated removed by filtration. Concentration of the solution 
followed by distillation gave pure benzoyl cyanide 181 in a 71 % yield. 
The next stage was to convert 181 to ethyl 2-oxo-2-phenylethanoate 182. This 
was achieved by the method of Eastham et a! . The method involves treating a 
nitrile under anhydrous reaction conditions with an alcohol and dry hydrogen 
chloride gas. A precipitate forms which is the intermediate oxo-methoxy-
iminohydrochionde. This upon treatment with water loses ammonium chloride to 




ROH 	0 / 	 H20 	0_ 
CN HC1 NH2Cr -4Cl 
RO 	 R07 
Figure 17 
The benzoyl mtrile 181 prepared in the previous experiment in dry diethyl 
ether was treated with ethanol and dry hydrogen chloride gas was passed through the 
resulting solution. A white precipitate of 2-oxo-1-ethoxy-3-
phenyliminohydrochioride was formed which was not isolated but treated with water. 
This gave ethyl 2-oxo-2-phenylethanoate 182 in 51 % yield. No further reactions 
were performed on this product. 
Methyl 2-oxo-2-phenylethanoate 183 was purchased from the Aldrich chemical 
company and on condensation with p-tosylhydrazide with acid catalysis, gave methyl 
2-oxo-2-phenylethanoate tosylhydrazone 184 in 97 % yield as a mixture of si and 
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anti isomers, see Scheme 60, which proved impossible to separate. No further 
reactions were attempted on this product. 
Y  Me i. 
183 
i. TsNHNH2, H 
184 
Scheme 60 
Having shown that it was possible to synthesis the nitrile, the oxo-ester and the 
tosyihydrazone by the above methods, this method was chosen to synthesise the 
target tosyihydrazones 166, 168 and 170. 
2.5.ii Synthesis and Reactions of the Diazo-compound Derived from Methyl 2-
oxo-2-(2-phenylphenyl)ethanoate tosylhydrazone 168 
The starting material for this synthesis, 2-phenylbenzoic acid 185 purchased 
from the Aldrich chemical company, was added to thionyl chloride and heated at 
reflux to give 2-phenylbenzoyl chloride 186. Having prepared the desired acid 
chloride 186, this was added to dry acetonitrile and treated with cuprous cyanide. 
The progress of the reaction was easily monitored by infrared spectroscopy, as the 
carbonyl peak shifts from high to lower wavenumbers, 1780 cm' for the acid 
chloride 186, to 1680 cm' for the nitrile 187. Work up similar to that described for 
181 and distillation gave 2-phenylbenzoyl cyanide 187 in 50 % yield, Scheme 61, see 
over page. 
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HC1, MeOH, ether, water. 
Tosyihydrazide, H 
Scheme 61 
The next step was the conversion of 187, to the methyl oxo-ester 188. 2-
phenylbenzoyl cyanide 187 was dissolved in dry ether and an equimolar quantity of 
dry methanol was added; dry hydrogen chloride gas was passed through the solution 
until a white precipitate formed. This was the intermediate iminohydrochioride, 
which was not isolated. Work up and distillation gave a colourless oil, which was 
identified as methyl 2-oxo-2-(2-phenylphenyl)ethanoate 188, in 53 % yield. 
Condensation with p-tosylhydrazide using acid catalysis in a methanol solution, to 
avoid ester exchange reactions, gave methyl 2-oxo-2-(2-phenylphenyl)ethanoate 
tosylhydrazone 168 in 79 % yield after a single recrystallisation from ethanol. 
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(42 % yield) 
Scheme 62 
The next stage was the synthesis and thermal decomposition of the sodium salt 
of methyl 2-oxo-2-(2-phenyiphenyl)ethanoate tosylhydrazone 189. Tosyihydrazone 
168 was dissolved in dry methanol and sodium methoxide solution was added. Care 
was taken to ensure 5 % deficiency of the base was present in order to ensure that if 
any 3H-diazapine was formed it was not isomerised to the 1H-analogue. Freshly 
distilled dimethoxyethane (DME) was added to sodium salt 189 and the reaction was 
heated at reflux with monitoring by tic for the appearance of new products and by 
infrared spectroscopy for the disappearance of the diazo peak at 2100 cm -1 . After 
only 3 hours no more diazo-compound 190 remained and the reaction was worked 
up. Thin layer chromatography showed only one product of the reaction, dry flash 
chromatography followed by distillation gave as a colourless oil, 9H-9-
methoxycarbonylfluorene 192, see Scheme 62, in 42 % yield. The probable 
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mechanism of formation is via the loss of nitrogen from the diazo compound 190 to 
give a carbene 191 that undergoes a 1.5-electrocyclic ring closure followed by a 
[1,51-hydrogen shift to give 192. 
25iii. Synthesis and Reactions of the Diazo-compound Derived from Methyl 2-
oxo-44-diphenylbut-3-enoate tosylhydrazone 166 
The carboxylic acid 196 is not a commercially available product and was 
synthesised by the method of Busolt , see Scheme 63. 
I 	I 	II 
193 	 194 	LOEt 
0 
ii. )" 
Zn, BrCH2CO2Et; benzene. 
KOH,MeOH. 
NaOAc, acetic anhydride. 
Scheme 63 
Using the method of Reformatsky ' benzophenone 193 was converted to ethyl 
3,3-diphenyl-3-hydroxypropanoate 194 in 95 % yield. Synthesis of the carboxylic 
acid 195 was achieved by stirring 194 in a solution of potassium hydroxide 25 % w/v 
at room temperature. This gave 3,3-diphenyl-3-hydroxypropionic acid 195 in 70 % 
yield. Formation of 3,3-diphenylprop-2-enoic 196 was achieved by heating at reflux 
iii .1 
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195 in freshly distilled acetic anhydride and sodium acetate, this gave the desired 
carboxylic acid 196 in 75 % yield. 
1. 	a. 
iii.! 
i. SOCl2, DMF, CHCI3. 
it. CuCN, MeCN. 
ill. HCI, MeOH, ether, water. 




R = MeO (199), NH2 (200) 
Scheme 64 
The synthesis of 3,3-diphenylprop-2-enoyl chloride 197 was performed using 
N,N-dimethylformamidinium chloride, as attempts to prepare this compound in neat 
thionyl chloride proved unsuccessful. NN-Dimethylformamidinium chloride was 
prepared in situ by mixing NN-dimethylformamide and thionyl chloride in dry 
methylene chloride. To this 196 was added and after stirring briefly at room 
temperature and removal of the solvents infrared spectroscopy confirmed the 
reaction was complete, no further purification was possible on 3,3-diphenylprop-3-
enoyl chloride 197, due to its instability. 
In dry acetonitrile, 3,3-diphenylprop-3-enoyl chloride 197 and cuprous cyanide 
were heated under reflux to give 2-oxo-4,4-diphenylbut-3-enyl cyanide 198. The 
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progress of the reaction was monitored by infrared spectroscopy for the appearance 
of a peak at 2220 cm -1 corresponding to the mtrile group and the shift of the carbonyl 
peak from 1790 cm' to 1690 cm'. When no more starting material remained the 
product was worked up using the method described from benzoyl cyanide 181, this 
gave a brown solid which was recrystailised from hexane to give yellow crystals of 
2-oxo-4,4-diphenylbut-3-enyl cyanide 198 in 58 % yield, see Scheme 64. 
The next step was the synthesis of methyl 2-oxo4,4-diphenylbut-3-enoate 199. 
The reaction was performed using the same method as that described in ethyl 2-oxo-
3-phenylethanoate 182 except that dry methanol was used instead of ethanol. Work 
up gave a yellow solid for which tic showed two spots separated by Rf 0.1. An 
attempt to separate these compounds by dry flash chromatography proved 
unsuccessful so medium pressure liquid chromatography was used. This separated 
the two components the faster of which was identified as the required compound 199 
by its 'H and 13C NMR spectra. The 1H NIvIR spectrum of methyl 2-oxo-4,4-
diphenylbut-3-enoate 199 is very distinctive showing two singlets one at 3.45 ppm 
due to the methyl ester group and the other at 6.90 ppm just below the aromatic 
region due to the olefinic hydrogen. The spectrum of the second compound had none 
of these features only a very broad peak at 6.35 ppm, and peaks in the aromatic 
region. Combustion analysis showed the presence of nitrogen, and accurate FAB 
mass spectra data gave a mass of 252.1035 nile. With this information the compound 
was identified as 2-oxo-4,4-diphenylbut-3-enamide 200. 
The tosylhydrazone 166 was formed by a condensation reaction using p-
tosylhydrazide with acid catalysis in a methanol solvent to avoid ester exchange 
reactions. This, after reciystailisation from ethanol, gave 166 in 74 % yield as an 
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inseparable mixture of syn and anti isomers, which could clearly be identified on the 
1H and ' 3C NvIR spectra. 
This gave the precursor tosythydrazone 166 which it was hoped would lead to 
the a-diazoester 202, differing from that in the Padwa 36  paper only in that it is a 
Scheme 65 
The synthesis of the sodium salt 201 was performed in the way described 
earlier for 167, again dry methanol was used as solvent to avoid possible ester 
exchange reactions occurring. A 5 % deficiency of base was used so to ensure any 
3H-diazepine formed would not be isomensed the 1H-diazepine. 
In the Padwa 36  paper the reaction solvent used was octane, however the Sharp 
group has found, through experience, that the best solvent for generating diazo-
compounds from tosyihydrazones is dimethoxyethane = DUE. Therefore it was 
decided that the first decomposition would be performed in DME. Freshly distilled 
DME was added to the dry sodium salt 201 and the reaction mixture was heated at 
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reflux with monitoring of the progress of the reaction by infrared spectroscopy for 
the disappearance of diazo-compound 202, also by thin layer chromatography for the 
appearance of new products. After only three hours no more diazo-compound 202 
remained. A sample of the crude product was sent for 'H NMR. The compound was 
purified by dry flash chromatography to give a colourless oil in 59 % yield. The 'H 
NMR spectrum showed a doublet at 4.55 ppm with a coupling constant of 2.2 Hz, 
another at 4.72 ppm with a coupling constant of 1.9 Hz and a third doublet at 6.58 
ppm with a coupling constant of 2.2 Hz. Padwa's 36  only had a doublet at 
4.31 ppm with a coupling constant of 3.0 Hz corresponding to one hydrogen and ten 
hydrogen atoms in the aromatic region. However in the Padwa case the NMR solvent 
was carbon tetrachloride so it was possible that there was some shifting of the signal 
due to a solvent effect. The 13  C NMR spectra of our product was also substantially 
different from that of diazepines made by the group in the past, in that the aliphatic 
carbon was shifted to lower frequency. Padwa's compound was not analysed by 13C 
NMR so it was impossible to make a comparison with his material. Mass 
spectroscopy of the compound failed to show the presence of a peak at mass 278 mle 
as required for the diazepine only one at 250 m/e i.e. a compound containing no 
nitrogen. Microanalysis also indicated a compound that did not contain nitrogen. The 
evidence points toward the actual structure being the mixture of isomers indicated in 
Scheme 64, 1H-1-methoxycarbonyl-3-phenyl indene 204 and 1H-3-
methoxycarbonyl- 1 -phenyl indene 205. 
As mentioned previously Padwa's 36  electrocyclisation experiment utilised n-
octane as the solvent not DME. So, to eliminate the possibility that a solvent effect 
was to blame for our inability to repeat his result, the reaction was repeated, this time 
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the sodium salt 201 was heated at reflux in freshly distilled n-octane. The reaction 
again was monitored by infrared spectroscopy for the disappearance of diazo-
compound 202. The reaction took less time, as the boiling point of n-octane is higher 
than that of DUE. The crude product of the reaction was sent for 1 H NMR and was 
found to be identical to that formed in the previous experiment. The product was 
purified by dry flash chromatography proved to be identical in all respects to the 
mixture of isomers 204 and 205 obtained in the previous experiment. Thus we were 
unable to replicate Padwa's chemistry using the tosyihydrazone route to the diazo-
compound 202. It was interesting that not only did we find no evidence of a 1.7-
electrocyclisation but that in neither experiment was any compound isolated 
corresponding to the 1 .5-electrocyclisation i.e. the 3H-pyrazole 206 or the IN-
pyrazole 207, see Scheme 66. 
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These results called into question the validity of the Padwa's 36  work and it 
became essential to repeat the experiment described in this paper. 
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2.5.iv. Synthesis and Reactions of Ethyl 44-diphenyl-2-diazobut-3-enoate 82 
As discussed earlier Padwa 36  synthesised the ethyl 4,4-diphenyl-2-diazobut-3-
enoate 82 used in his experiment in a completely different way to that described in 
previous experiments. Instead of generating and reacting the diazo-compound 202 in 
situ, as in the Bamford Stevens reaction see Scheme 65, diazo-compound 82, was 
made by the following synthesis, see scheme 67. 





zw 	 0. 
i. BuLi, Ethyl diazoacetate, ether. 
it. POCI3, pyridine. 
Scheme 67 
Step one involved the preparation of ethyl lithiumdiazoacetate, in the paper this 
was performed using ethyl diazoacetate and butyllithium at - 110 °C followed by 
addition of diphenylacetaldehyde 208 at the same temperature. However this 
combination gave extremely low yields of ethyl 2-diazo-4,4-diphenyl-3-
hydroxybutanoate 209, so a different approach was required. The method of Moody 
et al 78  was used to form 209 using lithium di-isopropylamide at —78 °C, this gave 
209 in 56 % yield. Dehydration of 209 was achieved using phosphorus oxychioride 
in dry pyridine. Dry flash chromatography gave ethyl 4,4-diphenyl-2-diazobut-3-
enoate 82 in a poor yield 32 %. Using the conditions described in the paper 36  82 was 
heated in dry octane for one hour and the solvent was removed to give a yellow oil. 
















Samples of the product were analysed by 'H and ' 3C NIMR, the spectra were 
identical, except for the ethyl signals, to those of the product obtained from the 
thermal decomposition of the sodium salt of methyl 2-oxo-4,4-diphenylbut-2-enoate 
201. Microanalysis confirmed that the compound did not contain nitrogen and mass 
spectral analysis found a mass of 265 m/e consistent with 1H-1-ethoxycarbonyl-3-
phenyl indene 211 and 1H-3-ethoxycarbonyl-1-phenyl indene 212, see Scheme 68. 
A 'H NMR NOE spectrum was run and this, coupled with the above analysis, 
proved conclusively that the compound could not be a diazepine but was a mixture of 
isomers, 1-1 -ethoxycarbonyl-3 -phenyl indene 211 and 1H-3-ethoxycarbonyl- 1-
phenyl indene 212. The NOE 'H NUR also proved the major isomer was 211, by the 
effect of the ester group on the chemical shift of the indene ring hydrogen. In 211 the 
ester group is not directly conjugated to the indene hydrogen, but the phenyl on the 
ring double bond is and therefore indene ring hydrogen shifted to lower frequency 
6.57 ppm. However in 212 the ester group is on the same double bond as the indene 
hydrogen and this shifts the doublet to higher frequency into the aromatic region 7.55 
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ppm. The magnitude of this shift, around 1 ppm, is in accordance with the electron 
withdrawing effect of the ethyl ester group on this double bond, see figure 18. This 
result also assisted in the determination of the structure of the major isomer in the 
previous experiment, this was 1H-1-methoxycarbonyl-3-phenyl indene 204 and the 
minor isomer was 1H-3-methoxycarbonyl-1-phenyl indene 205. 






Major isomer 211 
4.71 ppm 
 \~ 
Located by NOE EtO 
7.10 ppm 
Minor isomer 212 
Figure 18 
7.55 ppm 
Final proof was needed so authentic compounds were synthesised. 
2.5.v. Synthesis of Authentic Compounds 
Authentic compounds of the above structures were required for final proof that 
these compounds were indeed indenes. A route was devised for the synthesis of 1H-
1-methoxycarbonyl-3-phenyl indene 204 and the minor isomer 205, also for 1H-1-
ethoxycarbonyl-3-phenyl indene 211 and its minor isomer 212 see Scheme 69. 
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R = Methyl and Ethyl 
Scheme 69 
Using the method of Marckwald indanone 213, was added to the Grignard 
reagent prepared from bromobenzene. Work up the reaction followed by distillation 
gave 3-phenyl indene 214 in 59 % yield. 'H NIvIR showed a doublet at 3.73 ppm 
with a coupling constant of 2.2 Hz and a triplet at 6.82 ppm with the same coupling 
constant. 
Synthesis of 1H-1-carboxy-3-phenyl indene 215 was by the method of 
Weissgerber 80  however instead of using sodium methoxide, lithium 
diisopropylamine was used to deprotonate 3-phenyl indene 214. Once the anion of 
214 was formed it was quenched with solid carbon dioxide; work-up gave an orange 
foam which proved impossible to recrystallise. This was shown by H NMR to be a 
mixture of two isomers 1H-1-carboxy-3-phenyl indene 215 and 1H-3-carboxy-1-
phenyl indene 216 in 32 % yield. The 1H NMR spectrum showed a pair of doublets 
at 4.27 ppm, J = 2.2 Hz and 4.37 ppm, J = 1.9 Hz these were identical to those 
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observed for methyl 1H-1-methoxycarbonyl-3-phenyl indene 204 and its minor 
isomer 205. 
Synthesis of the ester derivatives of 1H-1-carboxy-3-phenyl indene 215 and 
1H-3-carboxy-1-phenyl indene 216 was achieved by heating at reflux using either 
methanol or ethanol as a solvent with acid catalysis. This gave when methanol was 
used as a solvent 1H-1-methoxycarbonyl-3-phenyl indene 204 and 1H-3-
methoxycarbonyl-1-phenyl indene 205 in 70 % yield and when ethanol was used 1H-
1-ethoxycarbonyl-3-phenyl indene 211 and 1H-3-ethoxycarbonyl-1-phenyl indene 
212 in a 60 % yield. These were identical to the compounds obtained by the thermal 
decomposition of the sodium salt of methyl 2-oxo-4,4-diphenylbut-3-enoate 
tosylhydrazone 201 and the thermal decomposition of ethyl 4,4-diphenyl-2-diazobut-
3-enoate 82, thus the structures of these was unequivocally assigned. 
2.6. Conclusion 
The aim of this section of work was to investigate the effect of the ester 
electron withdrawing power on the penselectivity of 1.5- and 1.7-electrocyclisation 
reactions. The work of Padwa 36  had appeared to show the effect was to change this 
from 1.5- to 1.7-electrocyclisation. However using both the Bamford Stevens method 
of generating diazoalkanes and Padwa's original method we have failed to replicate 
the results described in the Padwa paper. We therefore must conclude that the 
identification of the product in Padwa's paper is most likely wrong. This being the 
case there seemed little point in investigating the effect of ester electron withdrawing 
groups further. 
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As a summary the inclusion of ester electron withdrawing groups in the 
electrocyclisation of diazoalkanes whilst having a stabilising effect on the 
diazoalkane itself has a detrimental effect on it's ability to undergo electrocyclic 
reactions. 
2.7. Reactions of Diene-conjugated a-Diazophosphonate 
esters 
2.8. Programme of Research 
Initial work in this area was carried out by Box 81  as part of an honours degree 
project, however this was not completed and this section deals with the completion 
of the project. The work was again part of the investigation following the Padwa 
paper 36,  into the apparent ability of electron withdrawing groups to favour 1.7 over 
1 .5-electrocyclisation. 
The target compounds for this synthesis were the following tosylhydrazones 













Phosphonate groups are known to stabilise diazo-compounds therefore the aim 
of the project was to see if they also affect the periselectivity of electrocyclisation or 
effect the reaction in any other way. 
For the diazo-compound, formed from tosyihydrazone 169, the objective was 
to see if the activation energy of the 1.7-electrocyclisation could be lowered 
sufficiently to be competitive with carbene formation? The diazo-compound from 
tosyihydrazone 171 was expected to undergo 1.7-electrocyclisation and it was hoped 
that it would give useful information about any changes in the reaction conditions 
required and the stability of the diazepine product formed. Finally the diazo-
compound, from tosyihydrazone 167, would determine if the presence of the 
phosphonate group changes periselectivity from 1.5-electocyclisation to 1.7-
electrocyclisation. 
2.8. Synthetic Strategy 
The synthetic route to the target tosyihydrazones 167, 169 and 171 is outlined 
in Scheme 71 and involved the preparation of diethyl aroylphosphonates via the 
Arbuzov 74 reaction. 
R 14
0 Target compounds 
cl 	 p=-o 	167, 169 and 171 
(EtO)/ 
Scheme 71 
The diazo-compounds would again be generated via the method of Bamford 
and Stevens 12 
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SOCI25  reflux. 
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2.91 Synthesis and Reaction of the Diazo-compound Derived from 
Diethyl 2-phenylbenzoy1phosphonate tosyllaydrazone 169 
The target compound, of this synthesis was diethyl 2-
phenylbenzoylphosphonate tosyihydrazone 169, this was prepared by the following 
synthesis, Scheme 72. 







185 	 186 	0 	 217 0 
Scheme 72 
The starting material was 2-phenylbenzoic acid 185 which was converted to 2-
phenylbenzoyl chloride 186 using the method described in the synthesis of methyl 2-
oxo-2-(phenylphenyl)ethanoate tosyihydrazone 168. Using the method of Arbuzov 
74 , 2-phenylbenzoyl chloride was reacted with triethyiphosphite to give diethyl 2-
phenylbenzoylphosphonate 217 in 85 % yield. This was converted to the 
tosyihydrazone 169 by the usual route in 56 % yield. 
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The sodium salt 218 was synthesised in the way described for compound 168 
using dry ethanol as the solvent. A 5 % deficiency of base was used so if diazepine 
were formed it would not be isomerised to the 111-isomer. To the dry sodium salt 218 
freshly distilled DME was added and the reaction was heated at reflux with constant 
monitoring by infrared spectroscopy. The diazo-compound 219 generated was 
surprisingly stable under the reaction conditions but after heating at reflux for 72 
hours no more remained. Work-up gave an orange oil, which solidified on standing 
and was recrystallised from hexane to give a white solid diethyl (9H-9-fluoren-9-
yl)phosphonate 221, see Scheme 73. The compound was identified readily by its 111 
NMR spectrum. The 9H hydrogen was a split into a doublet by phosphorus coupling 
J 30 Hz. Also the ' 3C NIvIR showed the compound had a plane of symmetry i.e. it 
contained only four aromatic CH's which is the case for fluorene compound 221. 
Had this compound been a benzodiazepine the two aromatic rings would not have 
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been symmetrical. Mass spectroscopy also confirmed this compound was indeed the 
fluorene 221 and not a nitrogen containing compound. 
2.9.ii. Synthesis and Reaction of the Diazo-compound Derived from 
Diethyl (E)-[2-(2-phenylethenyl)benzoyllphosphonate tosyihydrazone 
171 
The target compound of this route was diethyl (E)-[2-(2-phenylethenyl) 
benzoyl]phosphonate tosylhydrazone 171 to be prepared via Scheme 74. 
The starting material for this synthesis was (E)-2-(2-phenylethenyl)benzoic 
acid 222, this is not a commercially available product and was synthesised by Box 81 
as part of an honours degree project. It was converted to the acid chloride 223, using 













L SOC1, DMF, CHCI3. 
P(OEt)3. 





This 223 was then added dropwise to triethyl phosphite to give diethyl (E)-[2-
(2-phenylethenyl)benzoyl]phosphonate 224, in 87 % yield. The product 224 proved 
impossible to purify further but was readily converted to tosyihydrazone 171 in 30 % 
yield. 
The sodium salt 225 was synthesised in the way described for compound 168, 
using dry ethanol. A 5 % deficiency of base was used as the expected product of the 
reaction was a 1H-benzodiazepine and an excess of base would isomerise this to the 
5H-benzodiazepine. 
Freshly distilled DUE was added to the dry sodium salt 225 and the reaction 
was heated at reflux with constant monitoring by infrared spectroscopy for the 
disappearance of diazo-compound 226. This diazo-compound also proved to be 
extremely stable as was observed in the previous reaction. Work up of the reaction 
gave a colourless oil, which solidified on standing to give a white solid, which was 
recrystallised from ether to give white crystals, in 70 % yield. 
Ph 
C —1  i. 10. 
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The 'H NMR showed ethyl proton signals at 0.93 ppm and 3.67 ppm and a 
doublet of triplets J = 30 Hz and 0.7 Hz, the position of this doublet was similar to 
that of indenes synthesised in previous experiments. Mass spectrometry confirmed 
the presence of a compound of mass 329 m/e. combustion analysis also confirmed 
the compound contained only carbon and hydrogen but no nitrogen. All the above 
analysis confirmed the structure of the product to be diethyl (1H-2-phenylinden-1-
yl)phosphonate 228, see Scheme 75. It was thought that the product was formed via 
loss of nitrogen from diazo-compound 226 to give carbene intermediate 227, which 
then cyclised via a 1.5-electrocyclic ring closure followed by a [1,5]-hydrogen shift 
to give compound 228. It appears that the electron withdrawing group has lowered 
the activation energy of carbene formation below that of 1.7-electrocyclisation. 
However it was also thought that the indene might be formed from the 1H-
benzodiazepine 230 via extrusion of nitrogen. 
It was therefore decided to try the reaction a second time using an excess base, 
with the objective that any 1H-benzodiazepine 230 formed would be isomerised to 
the more thermally stable 5H-benzodiazepine 231, Box 81  had isolated some 511-
benzodiazapine during his honours degree project. The formation of the sodium salt 
225 was repeated, however this time a 10 % excess of sodium ethoxide was used. 
Freshly distilled DME was added and the reaction heat at reflux. This time a second 
compound was formed, tic showed this compound was slower running than the other 
compound which thought to be the indene 228. Work up and dry flash 
chromatography separated these components the faster running was readily identified 
by its ' H NUR spectrum as the indene 228, isolated in 30 % yield. The second 
slower running compound isolated in 36 % yield gave a 1 H NMR spectrum identical 
84 
229 
to the 5H-benzodiazepine 231 isolated by Box 81  in an earlier experiment. Mass 
spectrometry showed a molecular ion at 357 m/e, however unusually for a 5H-
benzodiazapine it lost nitrogen to give parent ion mass 329 mile. However the 1H 
NMR evidence was conclusive, a characteristic doublet of a 5H-benzodiazepine at 
2.99 ppm with a coupling constant of 13 Hz was observed, unfortunately the second 
doublet was obscured by ethyl signals. Before microanalysis could be performed the 
compound decomposed completely to give indene 228, the structure of this was 




















The mechanism of the formation of these products is shown in Scheme 76. The 
key step is the base induced isomerisation of the 1H-benzodiazapine 230, to the more 
thermodynamically stable 5H-isomer 231, which is competitive with its thermal 
decomposition to the indene 228. The indene ring 228 may also be formed by loss of 
nitrogen to give 227, followed by a 1.5-electrocyclic-ring closure. What is certain is 
that the 5H-isomer 231, is extremely unstable and decomposes via loss of nitrogen to 
give indene 228. 
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2.9.M. Attempted Synthesis of Diethyl (33-diphenylprop-2-
enoyl)phosphouate tosylhydrazone 167 
The target compound for this synthesis was diethyl (3,3-diphenylprop-2-
enoyl)phosphonate tosyihydrazone 167. The starting material 3 ,3-diphenylprop-2-
enoic acid 196 was synthesised and converted to acid chloride 197, Scheme 77, using 
the method described in earlier, Scheme 64. 
OYI a 197 
Cl 
196 
i. SOC12, DMF, CHC13. 
Scheme 77 
However all attempts to synthesise diethyl 3,3-diphenylprop-2-enoyl 
phosphonate 232 failed so this line of investigated ceased. 
2.10. Conclusion 
The aim of this project was to see if the electron withdrawing phosphonate 
ester substituent had any effect on the reactions of diazo-compounds formed from 
tosyihydrazones 167,-169 and 171. 
In the case of 167 the inability to synthesise diethyl 3,3-diphenylprop-2-
enoylphosphonate 232, meant that it was impossible to study the reaction of the 
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diazo-compound and whether the periselectivity of the reaction was changed from 
1. 5-electrocyclisation to 1. 7-electrocyclisation. 
For 171, the aim was to see if the activation energy of 1 .7-electrocylistion 
could be lowered so that if would become the dominant reaction pathway. However 
as was the case with carboxylic ester electron withdrawing groups the dominant 
pathway was the loss of nitrogen to give a carbene species which reacted via a 1.5-
electrocylic-ring closure followed by a [1,5]-hydrogen shift to give the fluorene 221. 
The case of 169, proved to be the extremely interesting. In all similar reactions 
where an electron withdrawing group is not present then 1.7-electrocyclisation is the 
dominant reaction pathway followed by a [1,5]-hydrogen shift to give the 1H-2,3-
benzodiazepine. However when an electron-withdrawing group is present the 
reaction becomes more complex. When a deficiency of sodium ethoxide base was 
used the sole product of the reaction was the indene 228. Yet when an excess of base 
is present the major product of the reaction was diethyl (4-phenyl-5H-2,3-
benzodiazepin-1-yl)phosphonate 231. This suggests that the initial reaction is a 1.7-
electrocyclisation and that the primary product 1H-2,3-benzodiazepine 230, can be 
intercepted and converted to 5H-isomer 231 by base catalysed isomerisation. It is 
possible that the indene 230 is formed by loss of nitrogen from the IH-2,3-
benzodiazepine 230. Of course it is equally possible that the indene 228 is formed in 
a parallel process by direct loss of nitrogen from the diazo-compound 226 and 
cyclisation of the carbene 227. Work by Zbiral 82  has shown that the 1H-
benzodiazepine 234 can be isolated in 38 % yield when the cyclisation is performed 








What is clear from all these results is that electron withdrawing groups attached 
to the carbon atom of diazo-compounds tend to promote the pathway involving the 
loss of nitrogen rather than electrocyclisation. Also electron withdrawing groups 
clearly destabilise the 1H-2,3-benzodiazepines formed as primary products in 1.7-
electrocyclisation where they occur. We can find no evidence to support Padwa's 
observation that they promote 1 .7-electrocyclisation reactions. 
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3.0 Reactions of Triene-conjugated Diazo-compounds 
3.1 Preamble 
This section of work follows on from that of Strachan 64,65  and the reactions of 
triene-conjugated nitrile ylides, which was discussed extensively in the introduction 
to this thesis, what follows is a brief resume of that work. 
Diene-conjugated nitrite ylides readily undergo electrocyclisation reactions to 
give fused azepine products, however, the reaction mechanism is different from that 
of diene-conjugated diazo-compounds, see Scheme 79. 
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-R2 	 R21 R2 
R3 	 R3 = HCZ-IN 	cd1 N 	 N 
241 	 j 	 243Hh 242 
R3 A H 
Carbene derived products 
Scheme 79 
In the case of mtnle ylides of type 236, the initial reaction appears to be a 
stereospecific 1, 1 -cycloaddition to form cyclopropa[c]isoquinoline 237, rather than a 
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direct electrocyclisation to give 238. On heating, the cyclopropa[c]isoquinoline 
undergoes a rapid equilibrium of its endo 237 and exo 239 isomers, via a 6it ring 
expansion, to give 238. If R3 is a hydrogen atom then fused azepine product 240 is 
formed by a [1,5]-hydrogen shift. 
Diene-conjugated diazo-compounds like 241 differ in mechanism because 
diazo-alkanes undergo 1,1 -cycloaddition reactions much less readily than nitrile 
ylides. Instead the reaction is a 1 .7-electrocyclisation to give intermediate 242, 
followed by a [1,5]-hydrogen shift where R 3 is a hydrogen atom to give fused 
benzodiazepine 243. Where R 3 is not a hydrogen atom then carbene-derived 
compounds are isolated. 
The work of Strachan 64,65  extended the work on these systems from diene to 













This greatly extended the number of possible paths that the reaction could 
follow, see introduction, however two major products were isolated, Scheme 81. 
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Minor product 35 % Major product 65 % 
Scheme 81 
Where the y,8-double bond is the cis geometric isomer 246 and R4 is a 
hydrogen atom the molecule undergoes a 1, 1 -cycloaddition to give 247, which could 
not be isolated but instead reacted via a rapid aza-Cope rearrangement to give 1,4-
dihydro-1,4-prop-1-enoisoquinolines, see Scheme 82 and table 4 over page. 
RI R2 6Rt_.~'_R2 	 Ph 
N ECPh 	1, 1-cycloaddition C' ~~ Ri 





R1 R3 R4 Compound No's 
Me Ph Ph H 133 
Me Ph Me H 134 
Me Ph CO2Me H 135 
R',R2 =(CH2)3 Ph H 136 
R',R2 = (CH2)3 CO2Me H 137 
Table 4 
A test of the mechanism was to synthesise nitrile ylides 248 where the y,-

































This would mean the primary product of the reaction 247 would be isolable at 
low temperatures, as the alkene double bond would be in the exo position and 
incapable of leading to the aza-Cope rearrangement. It was expected however that 
compound 247 upon heating would equilibrate with 251 in which the alkene double 
bond is in the endo position and capable of undergoing the aza-Cope rearrangement 
to give 252. As was expected compound 247 was isolated at room temperature, 
however upon heating two products were isolated, the minor being the expected 
compound 252, and the major compound being 250 see Scheme 83 previous page. 
The proposed mechanism of formation involved an initial 1,1 -cycloaddition of 
the mtrile ylide terminal carbon to give 247, however the large substituents on the 
cyclopropane ring formed meant that the equilibrium between the exo and endo 
isomers favoured the exo. Some endo isomer must be present in the equilibrium 
because compound 252 was isolated as the minor product in 35 % yield. However 
the major product was 250, the postulated mechanism for the formation of this was 
via a [1,5]-carbon shift to give intermediate 248, this undergoes a 6 it-ring expansion 
to give 249. This then undergoes a 4it + 27r Diels-Alder reaction to give the final 
product 250. Some precedence for the final step 72  is that the all carbon analogue 
undergoes the same Diels-Alder reaction to give the all carbon analogue of 249. The 
[1,5]-carbon shift is also a known rearrangement 71 . The structures of the isolated 
products 247, 250 and 252 in this scheme were confirmed by X-ray crystallography. 
It was decided to synthesise tnene-conjugated diazo-compounds of similar 
structure to those made by Strachen 64, 65 in order to see if they would undergo 
similar types of reactions. It is known that under certain reaction conditions diazo-
compounds do react via 1,1-cycloaddition, see introduction. Such products have not 
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been observed in the reactions of diazo-compounds 241 see Scheme 79 (preamble) 
but it is possible in principle that these intermediates are present in equilibrium with 
the latter but are too unstable to isolate. If this was the case then they too could 
undergo aza-Cope rearrangements similar to those of the nitrile ylides that Strachen 
64, 65 synthesised. The bridged isoquinolines produced in these reactions were of 
interest as they are structurally similar to isopavine alkaloids e.& amurensine and 
methylthalisopavine. Isopavine alkaloids have proved interesting pharmacological 
targets in the treatment of nervous system disorders such as Alzheimer's disease, 
Huntingdon chorea, amyotrophic lateral sclerosis, and Parkinson's and Down's 
syndromes 70 . As a result a lot of interest has been shown in the synthesis of the 










3.2 Synthetic Strategy 
The target compounds of this section of work were the following triene-
conjugated tosyihydrazones, see table 5 below. 
REEMIX 
NHTs 
See table 5 
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R' R2 R3  R4 Compound No's 
R', R2 = (CH2)3 ' Ph H 253 
R 1 ,R2 =(CH2)3 H H 254 
R', R2 = (CH2)3 Me H 255 
R 1 ,R2 =(CH2)3 Me Me 256 
R', R2 = (CH2)3 CO2Me H 257 
R 1 , R2 = (CH2)4 Ph H 305 
Me Ph Ph H 258 
Me Ph CO2Me H 259 
Me p-Tolyl Ph H 330 
Me Ph Ph H 260 
Table 5 











The synthetic strategy adopted was similar to that of Strachen 64,65  and required 
the coupling of the boronic acid 265 with bromodiene 264, the synthesis of which 
97 
had already been extensively studied by Strachen 65 
Routes to the bromodienes required the synthesis of bromoacraldehyde 263. 
This was prepared by an Amold-Vilsmeier 66 reaction and converted into bromodiene 
264 by a Wittig 67 or similar olefination 68  reaction see Scheme 85. 
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Tnene-conjugated aldehydes of the type 266 would then be converted into the 
target tosyihydrazones (table 5), which would be used to generate diazo-compounds 
261 via the Bamford Stevens reaction 12  It was hoped that they would react via a 
similar mechanism to the nitrile ylides made by Strachen 64, 65 and give unnatural 
analogues of isopavine alkaloids 267, see Scheme 86. 
R 	R2 R3 	R 	R2 R3 
266 	 NHTs 
See table 5 
Scheme 86 
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3.31 Synthesis of (E)-1-Bromo(2-phenylethenyl)cyclopentene 269 
The target compound for this synthesis was (E)-2-[2-(2-phenylethenyl)cyclo 
pentenyl]benzaldehyde tosyihydrazone 255. This was prepared using a modification 
of the method of Arnold 66  from phosphorus tribromide, NN-dimethylformamide and 
cyclopentanone. Work up gave the crude product 1-bromo-2-formylcyclopentene 
268 as a yellow oil. This product proved extremely difficult to purify, distillation 
resulted in decomposition via an exothermic reaction however flash chromatography 
gave 1-bromo-2-formylcyclopentene 268 in 62 % yield see Scheme 87. 'H and ' 3C 
NMR, IR and MS showed the product to be pure. The product had to be used 
immediately as it proved to be extremely unstable and prone to exothermic 





PBIi3, DMF, chloroform. 
PhCl-PPh3Br, nBuLi, TUF. 
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Scheme 87 
Synthesis of the bromodiene 269 was performed using the method of Wittig 67 
1-Bromo-2-formylcyclopentene 268 was added to the ylid generated from benzyl 
triphenyiphosphonium bromide. Reaction work up and flash chromatography gave 
an oil, which 'H NMR showed to be a mixture of isomers, (E) and (Z)-1-bromo-2-(2- 
2-(2-phenylethenyl)cyclopentene 269 and 270. These were impossible to separate by 
flash and dry flash chromatography so medium pressure liquid chromatography had 
to be used. This gave (E)-1-bromo-2-(2-phenylethenyl)cyclopentene 269 in 37 % 
yield and (Z)-l-bromo-2-(2-phenylethenyl)cyclopentene 270 in 24 % yield. 
3.3.ii. 2-Formyiphenylboronic acid 265 
This compound can be obtained from Lancaster synthesis however it proved 
cheaper to synthesise it in large quantities using the method of Wiess 83 
2-Bromobenzaldehyde 271 was the starting material for the synthesis and this 
was protected as it's 1,3-dioxalane as described in Greene 84,  see Scheme 88, giving 
2-(2-bromophenyl)- 1,3-dioxalane 272 in 94 % yield. The Gngnard reagent was 
formed from 272 in dry THF and an excess of trimethylborate was added. The borate 
ester was hydrolysed to give the 2-formyiphenylboronic acid 265 as a white solid in 
66 % yield. 
Br I 	 _ Br 
CHO 'a 271 	 272 OS 
Ethylene glycol, toluene, TsOH. 






With both parts of the molecule synthesised (E)-1-bromo-2-(2-
phenylethenyl)cyclopentene 269 and 2-formylphenylboromc acid 265 it was possible 
to proceed to the next stage of the synthesis of triene-conjugated aldehyde 273. 
3.3.iii. Synthesis of (E)-2-[2-(2-Phenylethenyl)cyclopentenyEl benzaldehyde 
tosyihydrazone 253 
Using the method of Suzuki 55, a palladium (0) catalysed cross coupling 
reaction between (E)-1-bromo-2-(2-phenylethenyl)cyclopentene 269 and 2-
formyiphenylboronic acid 265 was performed. Work—up gave (E)-2-[2-(2-
phenylethenyl)cyclopentenyl]benzaldehyde 273 in 91 % yield, see Scheme 89. The 
1H NMR spectrum showed a pair of doublets 6.57 and 6.59 ppm with a coupling 
constant of 16 Hz, characteristic of a trans olefimc double bond and infrared 

















Synthesis of the target tosyihydrazone 253 was achieved by a condensation 
reaction between 273 and tosyihydrazide. This gave the tosyihydrazone 253 as a 
mixture of syn and anti isomers in 71 % yield as a yellow oil. Infrared spectroscopy 
and tic confirmed that no aldehyde 273 starting material remained. These isomers 
were separated by medium pressure liquid chromatography and gave (E)-2-[2-(2-
phenylethenyl)cyclopentenyl]benzaldehyde tosyihydrazone 253. The 'H NUR 
spectrum showed a pair of doublets 6.50 and 6.52 ppm with a coupling constant of 
16 Hz corresponding to the trans oiefmic protons and a broad peak at 8.16 ppm 
which was assumed to be the labile tosylhydrazone proton. 
3.3.iv. Generation and Reactions of the Diazo-compound Derived from (E)-2-12-
(2-Phenylethenvl)cvclopentenvllbenzaldehVde tosyihydrazone 253 
The target tosylhydrazone 253 was converted to the sodium salt 274. For this a 
5 % deficiency of base was used similar to that in previous experiments. Dry DUE 
was added to the dried sodium salt 274 and the reaction was heated at reflux with 
monitoring by tic. Work-up gave an orange oil which was shown by tic to be two 
compounds these were separated by dry flash chromatography. The faster running 
compound was isolated in 46 % yield. Its 'H NMR spectrum showed a triplet at 1.13 
ppm with a coupling constant of 4.2 Hz a doublet of doublets at 2.41 ppm with the 
coupling constant of 3.9 ppm and a doublet of doublets a 2.76 ppm with a coupling 
constant of 4.2 Hz. The 13  C NMR spectrum showed three methine carbons at 26.2, 
28.6 and 33.3 ppm. Mass spectroscopy showed the presence of molecular ion peak at 








































-i a,2,3,4,8b-pentahydro- 1 -phenyl- 1 -cyclopenta[a]cyclopropa{c]napthai[ene 
1H- la,2,3,4,8b-pentahydro- 1 -phenyl- 1 -cyclopenta[a]cyclopropa[c]napthalene 276. 
This was confirmed by an X-ray crystal structure see facing page. 
The slower running component of the mixture was isolated in 27 % yield and 
appeared initially from the 1H NIVIIR to be the bridged phthalazine 278, see Scheme 
90 similar to those observed by Strachan 64.65;  three singlets 3.28, 5.26 and 5.71 ppm 
were present. However the lack of coupling between the three adjacent hydrogen 
atoms caused concern. The mass spectrum showed a molecular ion peak at 286 m/z 
indicating the presence of a compound containing nitrogen. A 1 H NOE NIMIR 
spectrum showed that the three hydrogen atoms were indeed on adjacent carbon 
atoms however this did not assist in determining the structure of the compound and 
the ' 3C NMR was also interesting with two methine CH's at 90.6 and 98.4 ppm. 
However this did not allow unambiguous determination of the structure. So a crystal 
was grown and sent for X-ray crystallography, see facing page. This unequivocally 
showed the structure of the compound to be 1H-2,3,4,7-tetrahydro4,7-methano-12-
phenylbenzo[a]cyclopenta[f] [1 ,2]diazocine 277. 
The X-ray structure also showed the interesting configuration the molecule 
adopts in the solid state. The 7-membered ring containing the phenyl ring adopts an 
almost planar structure with the two nitrogen atoms above this plane. The torsion 
angles between the hydrogen atoms were measured and were found to be 104 ° and 





















coupling constants of zero between these protons, which match exactly the 
experimental observations of the 1H NtvfR experiment. 
The diazocine 277 product of this reaction was formed by a [3+2]-
cycloaddition reaction. However the regioselectivity of this reaction was the reverse 
from that expected 279, see Scheme 90. 
Scheme 90 
For a [3+2]-cycloaddition reaction to occur the molecule must pass through a 
parallel plane transition state. This is so that the terminal atoms of the 1,3-dipole and 
the c,-doub1e bond attain maximum orbital overlap during the bond formation 
process. In all previous intramolecular [3+2]-cycloaddition reactions for related 
systems 27  the product had been the reverse of that obtained in by this reaction i.e. 
compound 279. Therefore the preferred transition state for the reaction must be a 
helical one, similar to that put forward by Sharp and Houk 85  to explain 1.7-
electrocyclistion reactions of diene-conjugated diazoalkanes, see figure 20, rather 




No Other regio-isomer 279 
Figure 20 
This shows that the parallel planes helical transition state 280 that leads to the 
formation of diazocine 277 is less strained than the transition • state 281 required to 
form 279, as the diazocine 277 is sole heterocyclic product of the reaction. 
It was felt that the reaction conditions were too severe and were probably 
causing the diazocine 277 to lose nitrogen and give the major product 
cyclopropa[c]napthalene 276. To test this hypothesis the diazocine 277 was heated in 
the dark in perdeutenotoluene at 80 °C for 24 hours this resulted in complete 
decomposition to give 276, Scheme 90, and suggested that the major product 









So a second experiment was performed in which the sodium salt 274 was 
prepared in an identical method to that described previously. However this time 
when the freshly distilled DUE was added to 274 the reaction mixture was stirred at 
room temperature for 48 hours instead of heating at reflux. Monitoring by tic showed 
that the products formed were identical to those in the previous reaction. However 
the diazocine 277, this time was isolated in 67 % yield and the 
cyclopropa[c]napthalene 276 in 19 % yield, Scheme 92. This result proved that not 
only that heating of the reaction at reflux is not necessary, but it was possible to 
obtain diazocine 277 as the major product of the reaction. 
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What is most surprising about this reaction is that 'normally' the Bamford 
Stevens 12  reaction requires heating of the sodium salt of a tosylhydrazone usually 
70-80 °C in order to form a diazo-compound. However in this reaction clearly this 
was not necessary. It is possible that the departure ofp-toluenesufinate is accelerated 
by the bulky ortho substituent, or it is also possible that the diazo-compound is 
stabilised by the long conjugated system. 
That aside a method was now in place that gave the previously unknown 
bridged diazocine 277 in a good yield. 
3.3.v. Synthesis of 2-I2-(EthenylcyclopentenvL1 benzaldehyde tosyihydrazone 
254 
1-Bromo-2-formylcyclopentene 268 was synthesised using the method 
described in the synthesis of (E)-1-bromo-2-(2-phenylethenyl)cyclopentene 269. 








ii. Pd(PPh3)4, Na2CO3, DME, water. 
M. Tosylhydrazide, ethanol. 
Scheme 93 
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Having made 268, this was added to the ylid generated from 
methyltriphenyiphophonium bromide. Flash chromatography gave the bromodiene 
282 in 41 % yield as a colourless oil, which was very unstable at room temperature 
so was used immediately in the next step, see Scheme 93, previous page. 
The next stage was the palladium (0) catalysed coupling reaction between 282 
and 2-formyiphenylboronic acid 265; this gave 2-[2-
(ethenyl)cyclopentenyl]benzaldehyde 283 in 62 % yield. The 1H NMR spectrum 
showed two doublets and a double of doublets. The first at 5.10 ppm with coupling 
constants 10.3 Hz and the second at 5.2 ppm with a coupling constant of 17.4 Hz. 
The doublet of doublets was at 6.13 ppm with coupling constants 10.3 Hz and 17.4 
Hz, a singlet at 9.94 ppm confirmed the presence of the aldehyde group as did 
infrared spectroscopy with a strong absorption at 1690 cm 
The final step was a condensation reaction between 283 and tosylhydrazide. 
After medium pressure liquid chromatography this gave the target 2-[2-
(ethenyl)cyclopentenyl]benzaldehyde tosyihydrazone 254 in 67 % yield. 
33.vi. Generation and Reactions of the Diazo-compound Derived from 242-
(Ethenyflcyclopentenyll benzaidehyde tosylhydrazone 254 
Synthesis of the sodium salt of the title compound 254 was performed using 
method described for 253. Freshly distilled DME was added to the dried sodium salt 
284. The reaction was stirred at room temperature for 48 hours, tic indicated that the 
reaction was complete. The solvent was removed in vacuo and 1H NMR spectrum of 
the crude product was performed. This showed the presence of a compound similar 
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to the diazocine 277, synthesised previously, two doublets, the first at 5.28 ppm and 
the second at 5.66 ppm with coupling constants of 7.3 Hz. The product was purified 
by dry flash chromatography to give 1H,2,3,4,7-tetrahydro-4,7-
methanobenzo[d]cyclopenta[f][1,2]diazocine 286 in 86 % yield, see Scheme 94. This 
did not appear to have lost nitrogen to give the cyclopropa[c]napthalene 287 as seen 
in the previous reaction. 
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Scheme 94 
The 1H NUR spectrum of 286 was similar to that of compound 277, except 
that now one of the hydrogens on the methylene bridge now exhibited a coupling 
constant to its neighbours of 7.3 Hz. However the second hydrogen on the methylene 
bridge was not visible on the spectrum. The position of this hydrogen was 
determined by a 1 H COSY NMR spectrum, which showed the peak to be beneath one 
of the broad multiplets due to the cyclopentene ring. 
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3.3.vii. Synthesis of (E)-2-12-(Prop-1-envl)cyclopentenyllbenzaldehyde 
tosylhydrazone 255 
1-Bromo-2-formylcyclopentene 268, which was made using the method 
described previously for 269. This 268 was added to the ylid generated from ethyl 
triphenyiphosphonium bromide. Flash chromatography gave a colourless oil in 55 % 
yield, which 1 H NUR showed to be a mixture of the (E) and (Z)-1-bromo-2-(prop-1-
enyl)cyclopentene 288, Scheme 95 which were found to be inseparable. 
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L CH3CH2PPh3Br, nBuLi, THF. 
Pd(PPh3)4, Na2CO3, DME, water. 
Tosyihydrazide, ethanol. 
Scheme 95 
The palladium (0) catalysed coupling reaction between 288 and 2-
formyiphenylboronic acid 265 gave a yellow oil in 63 % yield which 'H NMR 
spectroscopy showed again to be a mixture of isomers (E) and (Z)-2-[2-(prop-1-
enyl)cyclopentenyl]benzaldehyde 289, which were inseparable. 
The target compound (E)-2-[2-(2-prop- 1 -enyl)cyclopentenyl]benzaldehyde 
tosylhydrazone 255 was synthesised by a condensation reaction of 289 with p-












the (E)-isomer was present which implies that isomerisation of the &,C-double bond 
had occurred as a result of the reaction conditions. It is also possible that the driving 
force for this isomerisation was the relief of steric strain on the molecule. Similar 
isomerisations have been observed in the past by Sharp and Robertson 86 
3.3.viii. Generation and Reactions of the Diazo-compound Derived from (E)-2-
[242-Prop.-1-enyl)cyclopentenvllbenzaldehvde tosylhydrazone 255 
The sodium salt 290 of the title compound 255 was formed using the method 
described in 253. DME was added and the reaction was stirred for 48 hours at room 
temperature; tic indicated the reaction was complete and a new product had been 
formed. A crude product 1H NMR showed the presence of the diazocine 292 but no 
detectable amount of cyciopropa[c]napthalene 293. This product was purified by dry 
flash chromatography to give 1H,2,3,4,7-tetrahydro-4,7-methano-12-










The 'H NMR spectrum was identical in most respects to that of the previous 
diazocines 277 and 286 except the hydrogen on the methano-bridge 2.32 ppm was 
now a quartet and the methyl group was a doublet. The distinctive diazocine ring 
protons were present at 4.93 ppm and 5.29 ppm again these showed no coupling to 
their neighbouring protons. The ' 3C NMR spectrum also showed the characteristic 
carbon's at 90.1 ppm and 97.6 ppm. 
The success of these three reactions showed the generality of the diazocine 
synthesis for a triene system with a single substituent at the terminal atom. The next 
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Scheme 97 
3.3.ix. Synthesis of 2-12-(2-Methylprop-1-en-2-yl)cyclopentenvll benzaldehyde 
tosylhydrazone 256 
The starting material for the synthesis of the target compound 256 was 1-
bromo-2-formylcyclopentene 268, made by the method described in the synthesis of 
253. This was added to the ylid generated from isopropyl triphenyiphosphonium 
iodide. The product of this reaction proved to be extremely difficult to purify by flash 
chromatography. It appeared to decompose on the column. Deactivating the silica to 
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problem and gave 1-bromo-2-(2- Brockmann grade 3 solved this 
methyl)cyclopentene 294 in 59 % yield. 
The palladium catalysed coupling reaction of 294 and 2-formylphenylboromc 
acid 265 gave 2-[2-(2-methylprop-1-en-2-yl)cyclopentenyl]benzaldehyde 295 in 64 
% yield, this was purified by distillation, perhaps surprisingly after the instability of 
the bromodiene. 
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1. (013)2CHPPh3Br, THF, KOtButoxide. 
Pd(PPh3)4, Na2CO3, DUE, water. 
Tosylhydrazide, etlUmi. 
Scheme 98 
The target compound was synthesised by the condensation reaction of 295 and 
tosylhydrazine. This gave 2-[2-(2-methylprop- 1 -en-2-yl)cyclopentenyl]benzaldehyde 
tosyihydrazone 256 in 55 % yield, Scheme 98. 
3.3.x. Generation and Reactions of the Diazo-compound Derived from 2-[242-
Methylprop-1 -en-2-yl)cyclopentenyll benzaldehyde tosylhydrazone 256 
The sodium salt 296 of the title compound was synthesised by the usual 
method. Freshly distilled dry DUE was added and the reaction mixture stirred at 
room temperature for 48 hours, tic indicated that the reaction was complete. The 1H 
NIvIR spectrum showed the presence of a diazocine 298, see Scheme 99. However all 
115 
attempts at purifying this compound 298 by dry flash column chromatography failed 
as it decomposed on the column. No identifiable organic products were isolated as a 
result of this decomposition. 
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Despite this the 1H NIvIIR spectrum of the crude product clearly showed the 
presence of diazocine 298 as did the mass spectrum. 
3.3.xi. Synthesis of (E)-2-12-(2-Carbomethoxyethenvi)cvclopentenvll 
benzaldehvde tosyihydrazone 257 
Reaction of 1-bromo-2-formylcyclopentene 268 with methyl (triphenyl 
phosphoranylidene)acetate in dry toluene gave (E)-1-bromo-2-(2-
carbomethoxyethenyl)cyclopentene 299 in 83 % yield. 
This 299 was coupled with 2-formylphenylboronic acid 265 in the usual way to 
give (K)-2-[2-(2-carbomethoxyethenyl)cyclopentenyl]benzaldehyde 300 in a 
moderate yield of 56 %. The moderate yield was probably due to hydrolysis of the 
116 
ester by the sodium carbonate base used in the coupling reaction. The extended 
reaction time probably contributed to this hydrolysis. 
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Pd(PPh3)4, Na2CO3,  DM5, water. 
Tosyihydrazide, methanol. 
Scheme 100 
The tosylhydrazone 257 was prepared in the usual way, except that methanol 
was used as the solvent of the reaction, and gave the target compound .257 in 77 % 
yield, Scheme 100. 
3.3.xii. Generation and Reaction of the Diazo-compound Derived from (E)-2-12-
(2-Carbomethoxyethenyl)cyclopentenyllbenzaldehvde tosylhydrazone 257 
Synthesis of the sodium salt 301 of title compound 257 was performed in the 
way described previously, however methanol was used as solvent to avoid ester 
exchange reactions. Freshly distilled dry DME was added to the dried sodium salt 
303 and the reaction was stirred at room temperature for 48 hours. Both tic and the 
'H NMR spectrum of the crude product indicated the presence of two compounds. 







singlets at 5.54 and 5.94 ppm. The two products were separated by dry flash 
chromatography the faster running of which was identified by its 'H and ' 3C NIvIR 
spectra as the diazocine 303, Scheme 101, this however was the minor product 
formed in only 28 % yield. 
The second, slower running compound, formed in 59 % yield proved to be 
more difficult to identify. The mass spectrum indicated the presence of a compound 
with a mass identical to that of the diazocine 303 but the 'H and ' 3C NMR spectra 











The product was identified as the indazole 306, on the basis of its 'H NMR 
spectrum. This was possible because the coupling constants of trans protons 11.4 Hz 
indicated on carbons 4 and 5 are characteristic of five membered ring, see figure 21. 
If this compound had been the cis isomer then the value of the coupling constant 






The most likely mechanism for the formation of indazole 304 is an 
intramolecular [3+2]-cycloaddition reaction with the reverse regioselectivity of that 
observed in previous reactions. Clearly the stereochemical preference for the helical 
transition state exhibited in the formation of the diazocine 303 observed in previous 
reactions is being overcome by the directing effect of the ester functional group. This 
changes the regioselectivity of the [3+2]-cycloaddition reaction to give indazole 304, 
as the major product. 
3.3.xiii. Synthesis of (E)-2-12(2-Phenylethenyllcvclohexenyllbenzaldehyde 
tosyihydrazone 305 
The starting material for the synthesis of target compound (E)-2-[2-(2-
phenylethenyl)cyclohexenyl]benzaldehyde tosylhydrazone 305 was 1 -bromo-2- 
formylcyclohexene 307. This was prepared using the method of Arnold 66,  Scheme 
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i. PBr3, DMF, CHC13. 
Scheme 102 
Compound 307 was added to the ylid generated from benzyl triphenyl 
phosphonium bromide this gave a mixture of isomers (E),(Z) 1-bromo-(2-
phenylethenyl)cyclohexene 308 which proved to be inseparable by column 
chromatography. 
The palladium (0) catalysed coupling reaction of 308 and 2-
formylphenylboromc acid 265, gave a mixture of inseparable isomers (E),(Z)-2-[2-
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PhCH2PPh3Br, THF, nBuLi. 




Synthesis of the target tosyihydrazone 305 was achieved by a condensation 
reaction between 309 and p-tosylhydrazide, this gave (E)-2-2-(2-phenylethenyl) 
cyclohexenyl]benzaldehyde tosyihydrazone 305 in 59 % yield, Scheme 103. Again 
as in compound 307 the formation of the tosyihydrazone appeared to bring about the 
isomerisation of the E,-double bond. This was clearly shown by the 'H NUR 
spectrum which showed only the trans isomer in which the olefimc protons on the 
c,-double bond had a coupling constant of 16 Hz. 
3.3.xiv. Generation and Reactions of the Diazo-compound Derived from (E)-2-
[2-(2-Phenylethenyl)cvclohexenvll benzaldehyde tosylhydrazone 305 
Synthesis of the sodium salt 310 of the title compound 305 was carried out by 
the usual method. The diazo-compound 311 was generated as in earlier experiments. 
After the usual reaction for 48 hours at room temperature both tic and the 'H NIvIIR 
spectrum of the crude product indicated the formation of a new product, which was 
clearly not a diazocine. Flash chromatography (hexane) followed by distillation gave 
1H- 1 a,2,3,4,5, 1 Oa-hexahydro- 1 -phenylcyclopropa[fjphenanthrene 313 as the sole 
product of the reaction in 59 % yield. The 'H NMR spectrum clearly showed the 
presence of the cyclopropane ring's characteristic signals at 1.26 ppm, 2.23 ppm and 
2.75 ppm with a coupling constant of 4.2 Hz. 
This product was most probably formed as a result of the loss of nitrogen from 
the diazo-compound 311, forming carbene 312, which then underwent a 1,1-
cycloaddition with the -double bond to give the final product 313, see Scheme 
121 
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104. It is possible that 313 was formed via the loss of nitrogen from a diazocine 
which was much more unstable then those prepared in earlier reactions. 
A separate experiment in which a 1H NMR spectrum of the crude product was 











One possible explanation for this inability to isolate a diazocine product from 
this reaction is that the molecule cannot attain the helical transition state required for 
the [3+2]-intramolecular cycloaddition reaction to take place. A possible explanation 
for this could be an interaction between methylene protons on the cyclohexene ring 
with the ortho proton on the benzene ring indicated in figure 22. This would be a 
more significant interaction than for the analogous cyclopentane ring because of the 








This result clearly indicated that the reaction path was strongly dependant on 
the ring size fused across the y,3-double bond so cyclohexene rings were discarded 
and a compound without a ring across the 'y,-double bond was synthesised. 
3.3.xv. Synthesis of (E),(E)-241-Methyl-2,4-diphenylbuta-1,3-
dienyflbenzaldehyde tosyihydrazone 258 
The starting material for the synthesis of the target compound (E,E)-2-( 1-
methyl-2,4-diphenylbuta-1 ,3-enyl)benzaldehyde tosylhydrazone 258 was (Z)-3-
bromo-2-phenyl-butenal 315. This was synthesised using the method of Arnold 66 
described in the synthesis of 1-bromo-2-formylcyclopentene 268, using 
phenylacetone 314 instead of cyclopentanone. This gave a mixture of (E)/(Z)-
isomers, which were separated by medium pressure liquid chromatography to give 
(Z)-3-bromo-2-phenylbutenal 315 in 25 % yield. All data on this compound 
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PhCH 2PPh3Br, nBuLi, THF. 
Pd(PPh 3)4,Na2CO3,  DME,  H20. 
Tosylhydrazide, ethanol. 
Scheme 105 
This 315 was added to the ylid generated from benzyl triphenylphosphonium 
bromide to give (E),(E)-4-bromo-1,3-diphenylpenta-1,3-diene 317 in 71 % yield. The 
1H NMR spectrum showed surprisingly that only the (E),(E)-isomer of this 
compound was formed by this reaction. 
The palladium (0) catalysed coupling of the bromodiene 317, with 2-
formylphenylboronic acid 265, see Scheme 105, gave (E),(K)-2-(1-methyl-2,4-
diphenylbuta-1,3-dienyl)benzaldehyde 318 in 82 % yield. 
The target compound 258 was prepared by a condensation reaction between 
318 and p-tosylhydrazide, this gave (E),(E)-2-( 1 -methyl-2,4-diphenylbuta- 1,3-
dienyl)benzaldehyde tosyihydrazone 258 in 78 % yield. 
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3.3.xvi. Generation and Reactions of the Diazo-compound Derived from (E),(E)-
2-(1-Methyl-2,4-diphenylbuta-13-dienyflbenzaldehyde tosylhydrazone 258 
The sodium salt 319 of title compound 258, was synthesised in the usual 
manner. Freshly distilled dry DME was added and the reaction mixture was stirred at 
room temperature for 48 hours. The solvent was removed in vacuo to give an orange 
oil and 1H NMR spectroscopy was performed on this. The 1H NMR spectrum 
obtained showed the presence of two singlets at 1.75 ppm and 4.91 ppm, and also 
confirmed that the c,-doub1e bond had not reacted by the presence of a pair of 
doublets 5.88 and 6.63 ppm with coupling constants 16.1 Hz. A strong absorption at 
2000 cm' was present in the infrared spectrum. From previous work described in 
this thesis is was obvious that the sole product of the reaction was (E),(E)-2-(1-
methyl-2,4-diphenylbuta-1,3-dienyl)phenyldiazomethane 320, see Scheme 106, it 

















The stability of the diazo-compound 320 was remarkable. A small sample of 
this material was dissolved in dry perdeuterio toluene and heated in a constant 
temperature bath at 40 °C in the dark. Even after 48 hours the diazo-compound 
persisted, only on raising the temperature of the bath to 70 °C did it finally react. 
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However it proved impossible to determine the structure of any of the products from 
this experiment. 
So the sodium salt 319 of the reactant was prepared for a second time using the 
method described previously. However this time instead of isolating the diazo-
com pound 320 after 48 hours, the reaction mixture was heated at reflux. Thin layer 
chromatography showed the presence of a mixture of two compounds, these were 
separated by medium pressure liquid chromatography. 
The faster running component of the mixture was readily identified by its 'H 
Nl\tlR spectrum as 1,1 a,Th-dihydro-3 -methyl-i ,2-diphenylcyclopropa[a]napthalene 
321, Scheme 107, however unlike previous reactions both cis and trans isomers of 
the cyclopropane ring were present in this case. This compound 321 was isolated in 
54 % yield as a colourless oil. 
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1 Ob-methyl- 1 ,3-diphenyl- 1,1 Ob-dihydro-pyrrolo[2, I -a]phthalazine 
The slower running component of the mixture was isolated in 22 % yield as a 
yellow solid. The 'H NMR spectrum showed a pair of doublets at 3.91 and 5.28 ppm 
with a coupling constant of 3.5 Hz. These were similar to the coupling constants 









Mass spectrometry confirmed the presence of a compound with mass 337 m/z, 
which confirmed that it did indeed contain nitrogen. A crystal was grown for X-ray 
crystallographic analysis which showed the structure to be lOb-methyl-1,3-diphenyl-
1,1 Ob-dihydro-pyrrolo[2, 1 -a]phthalazine 322, see facing page. 
The likely mechanism of formation of this product Scheme 108, is an initial 
1,1 -cycloaddition reaction of the diazo-compound 323. If this were true it would be 
the first example of a nitrene 323 1,1-cycloaddition reaction in a conjugated system. 
The vinyl aziridine intermediate 324 then rearranges by a ring opening, ring closure 
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reaction via intermediates 325 or 326 shown in Scheme 108 to give 322. This 
rearrangement of 324 was similar to the one observed by Hudlicky 87, 88 in the 
synthesis of pyrrolizidine alkaloid 328 from the vinyl a.ziridine 327, Scheme 109. 
However the rearrangement of the vinyl azindine 327 reported by Hudlicky 87,88  was 
observed under flash vacuum pyrolysis conditions. 
0 Me Ofl' i. 
1:: 




A similar rearrangement was also observed by Nossin 89  He demonstrated the 
nucleophilic ring opening of vinyl aziridine 327 using lithium iodide to give 
pyrrolizidine alkaloid 328. The mechanism of the ring opening has been extensively 
discussed by Hudlicky 87;  there are two possibilities for the mechanism, homolytic 
fission of aziridine ring carbon-carbon bond to form diradical, or heterolytic fission 
to form an anion cation pair. Either route ends by rearrangement of the ions or 
radicals formed followed by ring closure to form the five membered ring. It was felt 
however that in our case the diradical pathway was more likely due to the presence 
of radical stabilising substituents, which were able to extensively delocalise the 
radicals once formed. 
What is perhaps more surprising is that this molecule 324 should undergo this 
particular rearrangement rather than the aza-Cope rearrangement to give 329 
structurally similar to the products observed by Strachan 65,  see Scheme 110. It is 
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probable that the aza-Cope rearrangement is disfavoured in this case because of the 
low bond energy of the azo-group. 
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In summary, a mtrene like 1,1 -cycloaddition of diazo-compound 323 has led to 
a new class of heterocyclic compound, phthalazine 322. The reaction mechanism 
proposed for the formation of the phthalazine 322 is adequate for that example with 
its two indistinguishable phenyl groups which finish up at the 1- and 3-positions of 
the product. However it was thought necessary to test the mechanism more 
rigorously by looking at an example where the two groups are different, this is 
discussed in the next section of work. 
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33.xvii. Synthesis of (E)(E)-2-I1-Methyl-2-phenyl-4-(p-tolyl)buta-1,3-
dienyllbenzaldehyde tosylhydrazone 330 
The target compound for this synthesis was (E),(E)-2-[1-methyl-2-phenyl-4-(p-
tolyl)buta-1,3-enyl]benzaldehyde tosyihydrazone 330, the starting material for this 
compound being (Z)-3-bromo-2-phenylbut-2-enal 315 made in a previous reaction. 
Compound 315 was added to the ylid generated from 4-methylbenzyl triphenyl 
phosphonium chloride and gave bromodiene 331 in 59 % yield. A palladium (0) 
catalysed coupling reaction between 331 and 2-formyiphenylboronic acid 265 gave 
(E),(E)-2-[ I -methyl-2-phenyl-4-(p-tolyl)buta- 1 ,3-dienyl]benzaldehyde 332 in 81 % 
yield. Synthesis of (K),(E)-2-[ 1 -methyl-2-phenyl4-(p-tolyl)buta- 1,3-
dienyl]benzaldehyde tosyihydrazone 330 was achieved by a condensation reaction 
between tosyihydrazide and aldehyde 332 and gave 330 in 92 % yield, Scheme 111. 
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Pd(PPh 3)4, Na2CO3, DME, water. 
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3.3.xviii. Generation and Reactions of the Diazo-compound Derived from 
(E)(E)-2-F1-Methyl-2-phenyl-4-(p-tolyl)buta-1,3-dienyllbenzaldehyde 
tosylhydrazone 330 
Synthesis of the sodium salt 333 of the title compound 330 was performed 
using the method described for compound 253. The diazo-compound 334 was 
generated at room temperature however it was not isolated but heated at reflux. Tic 
and the 1 H NIVIR spectrum of the crude product indicated the presence of two new 
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The two compounds were separated by medium pressure liquid 
chromatography. The faster running compound was readily identified by it's 'H 
NIvIR spectrum as 1H, 1 a,7b-dihydro-3-methyl-2-phenyl- 1 -(p-tolyl)cyclopropa[a] 
napthalene 338, this was confirmed by a 13C NMR spectrum and mass spectroscopy. 
The slower running compound was shown by 'H NMR and APCi mass 
spectroscopy to be 1 Ob-methyl-3-phenyl- 1 -(p-tolyl)- 1,1 Ob-dihydro-
pyrrolo[2,1.a]phthalazine 337. Attempts were made to grow a crystal of the 
phthalazine 337 to determine the position of the methyl group by x-ray 
crystallography. But this proved impossible, all the crystals formed were found to be 
tiny crystallites and not suitable for X-ray analysis. However in was possible using a 
combination of 1H NOE and 'H COSY NMR spectroscopy to determine the position 
of the methyl group on the phenyl ring. The position in the spectrum of the methyl 
group on the spiro-carbon was determined to be 1.61 ppm, the NOE experiment 
determined the position in the spectrum of the hydrogen atom on the adjacent carbon 
atom which was 3.85 ppm. A further NOB then determined the position in the 1H 
NMR spectrum of the hydrogen on the adjacent phenyl ring. The methyl group on 
the phenyl ring was found to be 2.11 ppm, the NOB experiment determined the 
position of the ortho-hydrogen on this ring. Now both of the hydrogen atoms present 
on this ring had their chemical shifts determined a COSY spectrum was run and this 
showed clear coupling between the protons. This enabled the unequivocal 
assignment of the structure as that of the compound 339, as both methyl groups were 
on the same side of the molecule. The nitrene 335 undergoes a 1,1-cycloaddition 
reaction to give 336, this then ring opens and ring closes to give the final compound 
337, see Scheme 112 previous page. 
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3.3.xix. Synthesis of (Z)(E)-2-(1-Methyl-24-diphenylbuta-1,3-
dieny0benzaldehyde tosylhydrazone 260 
The starting material for the synthesis of the target compound (Z),(E)-2-(1-
methyl-2,4-diphenylbuta-1 ,3-dienyl)benzaldehyde tosyihydrazone 260 was (E)-3-
bromo-2-phenyl-butenal 216. This was synthesised using the method described 
previously and was added to the ylid generated from benzyl triphenyiphosphonium 
bromide. This reaction gave a mixture of inseparable isomers (Z),(Z)1(E),(Z)-4-
bromo-1,3-diphenylpenta-1,3-diene 339 see Scheme 113. 
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A palladium (0) catalysed cross coupling between 339 and 2-
formyiphenylboronic acid 265 gave the aldehyde 340 also as a mixture of isomers, 
which proved impossible to separate. Target compound 260 was synthesised by a 
condensation reaction between tosyihydrazide and 340 and gave a single isomer. 
This isomerisation of the terminal double bond has been seen in previous reactions, 
see compound 255. 
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3.3.xx. Generation and Reactions of the Diazo-compound Derived from (Z),(E)-
2-(l-Methyl-24-diphenylbuta-1 3-dienyl)benzaldehyde tosylhydrazone 260 
When Strachan 64,65  performed this reaction on the analogous nitrile ylide 246 
it proved possible to isolate and characterise the intermediate 
cyclopropa[c]isoquinoline 247 and characterise it by X-ray crystallography. The 
initial 1,1-cycloaddition of nitrile ylide 246 formed the endo isomer, Scheme 114, 
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Scheme 114 
It was hoped that it might be possible to isolate the analogous aziridine 343 
formed by the 1,1 -cycloaddition reaction of the dia.zoalkane 342 and possibly 
characterise this, see Scheme 114. 
The sodium salt 341 of the title compound 260, was synthesised by the method 
described previously. Freshly distilled dry DMIE was added to this and the reaction 
was performed in an identical manner to that described previously. Two new 
products were formed which were separated by MPLC and identified by 'H and 13C 
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NMR spectroscopy as the hydrocarbon 321 formed in 19 % yield and phthalazine 
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The formation of the hydrocarbon 321 however is the most interesting. 1,1-
Cycloaddition reactions of nitrene intermediates have been shown to be reversible by 
Miyashi and Padwa 48•  It is impossible for a carbene formed in this reaction to 
react with the terminal double bond in compound 348, as it is the wrong geometric 
isomer. What must happen is that an initial 1,1-cycloaddition reaction of mtrene 
intermediate 344 must occur to give azindine 345. This must then be undergoing a 
reversible isomerisation to give 347 via diazepine 346. The retro-1,1-cycloaddition 
reaction would then give diazo-compound 345, which could then lose nitrogen to 
344 
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form the carbene intermediate 348, which reacts with the c, 4-double bond to form 
compound 321. This also provides further proof that 1,1-cycloaddition reactions are 
indeed reversible. 
3.3.xxi. Reaction of (E)-2-12-(2-Phenylethenyi)cyclopentenyl] benzaldehyde 
tosyihydrazone in the Presence of a Lewis acid 253 
The base catalysed decomposition of the sodium salt of (E)-2-[2-(2-
phenylethenyl)cyclopentenyl]benzaldehyde tosyihydrazone 253 as discussed earlier 
gave 1H-2,3 ,4,7-tetrahydro-4,7-methano- 1 2-phenylbenzo[a]cyclopenta[f] [1,2] 
diazocine 277. The periselectivity of this reaction was unprecedented since in all 
other reactions of diazo-compounds of the type 350 the reverse periselectivity had 








Padwa 90  showed when tosyihydrazone 353 is decomposed in the presence of a 
Lewis acid, see Scheme 116 then diazepine 354 is formed. What appears to be a 
reversal of periselectivity is in fact a completely different reaction. However it would 
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be interesting to see if triene-conjugated tosyihydrazone 253 when decomposed in 
the presence of a Lewis acid would react in a similar way. 
BF.EtO OEiE3 
353 	- ' NHTs 	 354 
iNaOMe 
ii. DME reflux 
355 
Scheme 116. 
Therefore it was proposed to perform this reaction with (E)-2-[2-(2-
phenylethenyl)cyclopentenyflbenzaldehyde tosyihydrazone 253 in the presence of 
boron trifluoride and see if this had a similar effect on the periselectivity of the 













In the event the only isolated product was 1H,4,5,6-trihydro-3-phenylbenzo[g] 
cyclopenta[e]indazole 356 in 50 % yield. 
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The reaction however does not proceed via a diazo-compound intermediate but 
via a cation ionic mechanism. Initially a boron trifluoride, tosyihydrazone complex 
forms 357, and this then undergoes a ring closure reaction with the c,-doub1e bond 







This then expels boron trifluoride followed by toluene sulfonic acid to give 
359. The resulting compound 360 then loses a molecule of hydrogen and a hydrogen 
shift gives the aromatic indazole 356, Scheme 118. 
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In a mechanistic sense the reaction is of little interest in this thesis other than to 
show that it is possible to form the indazole 356 via a modification of the reaction 
conditions. 
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3.4. Summary and Conclusion 
The original aim of this section of work was to synthesise compounds similar 
to those, made by Strachan 64,65  i.e. bridged isoquinolines. However in the event this 
reaction path was not followed for any of the examples studied. Instead the reactions 
fell clearly into two groups differentiated by the presence of a cyclopentane ring 
fused at the y,6-position in the reactant molecule. All the compounds showed the 
interesting and unexpected feature that their tosyihydrazone sodium salts 
decomposed readily over 48 hours at room temperature, a much lower temperature 
than normal. Those with the cyclopentane ring reacted predominantly via a 
intramolecular [3+2]-cycloaddition to the terminal double bond with unprecedented 
regioselectivity to give bridged diazocines e.g. 277, Scheme 119. In some cases this 
was accompanied by the hydrocarbon 276 as a minor product, formed by the loss of 
nitrogen from the diazocine 277 or directly via a diradical intermediate or indirectly 
via retrocyclisation and loss of nitrogen to give a carbene. 
When the reaction conditions were modified, similar to those employed by 
Padwa 90  by the addition of a Lewis acid, the regioselectivity appeared to change 
giving indazole 356, however this product is not formed by a diazo-compound 
intermediate by via a cationic mechanism. This reaction shows however it is possible 
to access the other set of regio-isomers. 
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Scheme 119 
When a cyclohexane ring was fused at the y,8-position the only isolated 
product of the reaction was hydrocarbon 313. There are several possible mechanisms 
for the formation of this compound. Most likely is that a diazocine is formed and is 
less stable than those observed in the previous reactions, this expels nitrogen to form 
hydrocarbon 313. It is also possible that the diazo-compound 311 itself loses nitrogen 
to give a carbene intermediate 312 that this reacts to give 313. 
When the diazo-compound 320 was generated from tosyihydrazone 258, two 
products were observed, the major product being 321. The most likely mechanism of 
formation of this product is loss of nitrogen from the diazo-compound 320 to give a 
carbene, which reacts with the c,-bond to give 321. 
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The minor product of reaction was more interesting. It was formed by a nitrene 
like 1,1 -cycloaddition reaction with the y,-double bond to give intermediate 324, 
which was not isolated but rearranged to give the phthalazine 322. It was necessary 
for a rigorous test of the mechanism to distinguish between the two phenyl-rings. 
This was achieved by synthesising tosyihydrazone 330, under identical reaction 
conditions this gave the phthalazine 337. The structure of this compound was 
determined by a combination of 1H NMR NOE and COSY spectroscopy. This 
evidence supports the mechanism proposed in Scheme 120. Finally when this 
reaction was performed using other geometric isomer the phthalazine 322 was now 
the major product of the reaction with the hydrocarbon 321 formed as the minor 
product. It is thought that the latter results from the intermediate azindine 345, which 
ring opens and closes to give 348. When the 1,1-cycloaddition reverses it gives the 
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other geometric isomer of the diazo-compound, which then loses nitrogen to give a 
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4.2 Symbols and Abbreviations. 
NMR nuclear magnetic resonance 
Hz hertz 
MHz megahertz 
NOE nuclear overhauser effect spectroscopy 
COSY correlated spectroscopy 
S chemical shift 
P.P.M. parts per million 










v 	 wave numbers 
El 	 electron ionisation mass spectrometry 
FAB 	 fast atom bombardment mass spectrometry 
APCi 	 atmospheric pressure chemical ionisation mass 
spectrometry 
ES 	 electrospray mass spectrometry 
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CV cone voltage 
m/z mass to charge ratio 
mass of molecular ion 
(M+ 1)+ mass of molecular ion 
tic thin layer chromatography 
MPLC medium pressure liquid chromatography 









mp melting point 
bp boiling point 
dec decomposes on melting 
h hours 
min minutes 
p.s.i. pounds per square inch 
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4.3 Instrumentation and General Techniques. 
Nuclear Magnetic Resonance Spectroscopy 
1H NUR spectra were recorded either at 360 MHz on a Bruker WP360, 250 MHz 
on a Bruker AC250, at 200.13 MHz on a Bruker WP200 or at 199.975 MHz on a 
Gemini Varian spectrometer. Routine continuous wave spectra were recorded on a Jeol 
PMX 60S1 instrument. ' 3C NMR spectra were recorded at 90.55 MHz on the WP360, 
62.9 MHz on the Bruker AC250, or at 50 IvliHz on the Bruker WP200 instrument. Mr J. 
R. A. Millar recorded 11B 230 MHz and 31P spectra at 81 MHz or 101.2 MHz on the 
Bruker WP200 instrument. Mr J. R. A. Millar recorded carbon, proton correlation 
spectra on the Bruker WP200 instrument. Mr J. R. A. Millar and Dr D. Reed recorded 
proton irradiation experiments at 200 and 360 MHz on the Bruker WP200 and Bruker 
WP360 instruments. Dr. D. Reed recorded NOE and COSY spectra on the Bruker 
WP360 instrument. Routine COSY spectra were also run on the Gemini Varian 
spectrometer. Standard 1H spectra acquired at 200, 250 and 360 MHz have an accuracy 
of 0.3 Hz per point and are quoted as recorded. Standard 13C spectra acquired at 50, 63 
and 90.6 MHz have an accuracy of 0.5 Hz per point and are quoted as recorded. 
Carbon multiplicity was established by distortionless enhancement by polarisation 
transfer (DEPT). All spectra were recorded in deuteriochioroform unless otherwise 
stated. Chemical shifts ( 8H, 8C, 613 & Sp) were recorded in parts per million, relative to 
tetramethylsilane, and all coupling constants (J) are quoted in Hz. 
The WP360 instrument was operated by Dr D. Reed, the AC250 and WP 200 
were operated by Mr J. R. A. Millar and Mr W. Kerr. 
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Mass Spectroscopy 
Low resolution electron ionisation (El) mass spectra were recorded at 70 eV by 
Miss E. Stevenson and Mr H. Mackenzie, on an A.E.I. MS902 instrument. Low and 
high resolution fast atom bombardment spectra (FAB) were recorded by Mr A. Taylor 
on a Kratos MSSO instrument, as mulls in thioglycerol or glycerol unless otherwise 
stated. 
Low resolution atmospheric pressure chemical ionisation (APCi) and electrospray 
spectra (ES) were recorded on a BG platform instrument, the cone voltage used was 20 
V unless otherwise stated. 
Elemental Analysis 
Mrs L. Eades, Mr S. Franklin or Mr D. Graham obtained microanalysis on a 
Perkin Elmer 240 CHN Elemental analyser. 
X-Ray Crystallography 
X-ray crystallographic data were obtained by Dr R. Gould and Dr S. Parsons on a 
Stoe STADI-4 four circle diffractometer with graphite monochromator. 
Infra-red Spectroscopy 
Liquid samples were examined as thin films and solid samples as nujol mulls on 




Melting points were obtained using a Gallenkamp melting point apparatus and are 
uncorrected. 
Chromatography 
Thin layer chromatography (tic) was carried out on pre-coated aluminium. sheets 
(0.2 mm silica gel, Merck, grade 60), containing a UV fluorescent indicator, or on pre-
coated polyester sheets (0.2 mm aluminium oxide, Merck, grade 60 neutral), also 
containing a UV fluorescent indicator. Once developed components were detected by 
fluorescent quenching under ultra-violet light. 
Dry flash chromatography was carried out on either silica gel obtained from Fluka 
or Merck grade GF25 4, G or H, or aluminium oxide grade GF 254 using the method of 
Harwood 9 ' 
Flash chromatography was carried out on either silica gel obtained from (Merck, 
BDH of Fluka Kieselgel 60 , 230-240 mesh), or aluminium oxide (Aldrich or Merck 
activated, neutral or basic , Brockmann grade 1), using the method of Still 92 
Medium Pressure Liquid Chromatography 
Pre packed glass columns (100 x 2.5 cm) packed with Merck or Fluka silica gel 
60, 230-240 mesh, were used. The columns were cleaned between separations by back 
flushing using either ethyl acetate or diethyl ether. Samples were pre-absorbed onto 
silica gel 60, 230-240 mesh and packed onto a small scrubber column (25 x 2.5 cm) to 
prevent contamination of the main column. The mobile phase was eluted using a 
diaphragm pump (100 p.s.i. max.) supplied by Metering pumps Ltd. 
158 
Drying Agents 
Magnesium Sulphate supplied by B.D.H. or Merck was used for drying all 
organic phases unless otherwise stated. 
Solvents 
Tetrahydrofuran (THF) was distilled from sodium benzophenone ketal as 
required. HPLC Hexane and ethyl acetate were used without further purification. 
Diethyl ether was dried using sodium wire, if required it was dried further by distillation 
from sodium benzophenone ketal. Dimethoxyethane (DUE) was purified by first 
passing though activated aluminium oxide, it was then distilled from calcium hydride 
as required. NN-dimethylformamide (DMF) was dried overnight using molecular sieve 
(4A) and then used without further purification. Super-dry methanol and ethanol was 
prepared using the method described in Vogel 93 and was stored over molecular sieve 
(4A). Dichioromethane (DCIv1) and chloroform were passed through activated 
aluminium oxide before use. If further drying was required then they were distilled from 
calcium hydride as required. Toluene, benzene and octane were dried using sodium 
wire, where further drying was required they were distilled from calcium hydride. 
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4.4 Synthesis of Compounds 
Diene Conjugated Diazo-Compound Containing Ester Electron Withdrawing 
Groups 
Ethyl (33-diphenyl-3-hydroxy)propanoate 194 
A mixture of benzophenone 193 (22 g, 122.2 mrnol) and ethyl bromo acetate 
(22.5 g, 153.6 mmol) in dry benzene (150 CM),  was added dropwise with heating to a 
suspension of powdered zinc (14 g, 120 mmol) in dry benzene (25 cm. 3). After the 
addition was complete the reaction was heated under reflux for 2.5 h, then acidified with 
hydrochloric acid (100 cm 3 , 10 M). The organic layer was separated and washed with 
water (2 x 50cm 3). The organic layer was then dried and concentrated in vacuo to give a 
yellow solid. Flash chromatography (silica, DCM-hexane 60:40) gave as a white solid 
ethyl (3,3-diphenyl-3-hydroxy)propanoate 194 (34.4 g, 95%), mp 86-87 °C (ethanol) 
lit. 76, 86-87 °C; 6- (200 MHz, d6-DMSO) 1.19 (t, 3 H, CR3 , J 7.2), 3.85 (s, 2 H, CR2), 
4.15 (q, 2 H, OCH2,J7.2), 5.25 (br, 1 H, OH), 7.25-7.57 (m, 10 H, aromatic); 8 c (62.3 
MHz, d6-DMSO) 13.7 (CH3), 45.2 (CR2), 60.2 (OCR2), 125.4, 126.8, 127.9 (aromatic 
CH), 145.7 (quat. aromatic carbon), 172.5 (CO 3 ester); m /z (El) 270 (M, 0.6%), 253 
(50), 167 (16), 103 (62), 77 (40), 30 (100); (Nujo1)/cm 1690 (C=O, ester), 3470 
(0-H). 
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3.3-Diphenyl-3-hydroxypropionic acid 195 
Ethyl (3,3-diphenyl-3-hydroxy)propanoate 194 (25 g, 92.2 mmol) was dissolved 
in a solution of potassium hydroxide (25 % w/v) in methanol (150 CM)  . This was 
stirred for 12 h at room temperature. The reaction mixture was poured onto water (250 
cm3 ) and the aqueous layer was extracted with DCM (2 x 100 cm 3). The aqueous layer 
was acidified with sulphuric acid (150 cm 3, 6 M) and a white precipitate formed. The 
precipitate was removed by filtration and recrystallised to give white needles 3,3-
diphenyl-3-hydroxypropionic acid 195 (18.2 g, 70 %), mp 269-271 °C (methanol-H20) 
lit. 76, 270-271 °C; 6H  (200 MHz, d6-DMSO) 2.10 (s, 2 H, CH2), 7.16-7.55 (m, 10 H, 
aromatic CH); 8c  (50.3 MHz, d6-DMSO)  55.1 (CH2), 125.8, 126.7, 128.2 (aromatic 
CH), 147.5 (quat. aromatic carbons), 167.1 (C=0); m / z (FAB) 242 ((M+1), 2%), 225 
(100), 183 (48), 165 (25) 147 (28) 78 (58); v1 (Nujol)/cm 1 1690 (C=O), 3450 (0-11). 
3,3-Diphenylprop-2-enoic acid 196 
3,3-Diphenyl-3-hydroxyprópionic acid 195 (6 g, 24.79 mmol) was dissolved in 
freshly distilled acetic anhydride (50 cm3 ). To this was added fused sodium acetate 
(1.54 g 18.78 mmol) and the mixture was heated at reflux for 4 h. The reaction mixture 
was quenched with water (50 cm3) and heated under reflux for 1 h. On cooling a brown 
precipitate formed which was removed by filtration and reciystallised to give 3,3-
diphenylprop-2-enoic acid 196 (4.16 g, 75 %), mp 161-162 °C (ethanol) lit. 76,  161-162 
°C; (Found: FIRMS (M+1), 225.0927. C 15H 1302 requires (M+1), 225.0915); 6H  (200 
MHz, CDC13 ) 6.33 (s, 1 H, CH), 7.13-7.36 (m, 10 H, aromatic CH), 10.95 (br, 1 H, 
OH); &c (50 MHz, CDCI3) 116.3 (CH), 127.8, 128.2, 128.3, 128.4, 129.1, 129.6 
161 
(aromatic CH), 138.3, 140.7, 158.8 (quat. aromatic carbons), 170.8 (C=O); m /z (FAB) 
225 ((M+1)+, 40),179 (100), 167 (74),89 (50), 45 (60); v (Nujol)/cm' 1690 (C0). 
3,3-Diphenylprop-2-enoyl chloride 197 
Under a nitrogen atmosphere, NN-dimethylformamide (5 cm) was added 
dropwise via a syringe to thionyl chloride (1.05 g, 8.9 mmol) in dry DCM (15 cm3). The 
mixture was stirred for 15 min at room temperature then cooled to 0 T. To this 3,3-
diphenylprop-2-enoic acid 196 (2 g, 8.9 mmol) was added. The reaction mixture was 
stirred for 1 hour at room temperature then the solvents were removed in vacuo to give a 
yellow oil 3,3-diphenylprop-2-enoyl chloride 197 (2.12 g, 98%). No further purification 
was attempted on this product; 6H  (60 MHz, CDC1 3) 6.85 (s, 1 H, CH), 7.15-7.80 (m, 10 
H, aromatic); v (thin film)/cm' 1790 (C=O). 
Benzoyl chloride 180 
This compound was purchased from BDH Chemical Company. 
Benzoyl cyanide 181 
To a suspension of cuprous cyanide (5.1 g, 57 mmol) in dry acetonitrile (50 cm) 
was added benzoyl chloride 181 (4 g, 28 mmol) with cooling in an ice bath. Once the 
initial reaction ceased the contents were heated under reflux for I h. The solvent was 
removed in vacuo to leave a black tar. The tar was dissolved with rapid stirring in ether 
(50 cm3) and a precipitate formed which was removed by filtration. The filtrate was 
concentrated in vacuo to give a yellow oil. Distillation gave a colourless oil which 
crystallised in the fridge to a white solid benzoyl cyanide 181 (2.65 g, 71%), mp 30-32 
162 
°C lit. , 30-32 °C; 6H (60 MHz, CDC13) 7.05-7.70 (m, 5 H, aromatic CH); v. 
(Nujol)/cm 1 1690 (C—O), 2220 (CN). 
Ethyl 2-oxo-2-phenylethanoate 182 
Benzoyl cyanide 181 (1 g, 7.63 mmol) and super dry ethanol (0.35 g, 7.63 mmol) 
were added to dry ether (15 cm3). The reaction mixture was cooled to 0 °C in an ice bath 
and dry hydrogen chloride gas was passed through the solution for 6 h. A precipitate 
formed and the reaction contents were poured onto water (50 cm3). The organic layer 
was separated and the aqueous layer was extracted with ether (2 x 50 cm'). The 
combined organic layers were concentrated in vacuo to give a pale yellow oil. 
Distillation gave a colourless oil, ethyl 2-oxo-2-phenylethanoate 182 (0.69 g, 51 %), bp 
160 °C / 1 mmHg;(Found: (M+1) 179.0704. C10H1103 requires (M+1), 179.0708); 6H 
(250 MHz, CDC13) 1.39 (t, 3 H, CH3 J7.2), 4.44 (q, 2 H, OCH2 J7.2), 7.25-8.01 (m, 5 
H, aromatic CH); 8c (62.9 MIHz, CDC1 3) 13.9 (CH3), 62.1 (OCH2), 12 8.7, 129.8, 134.7 
(aromatic CH), 132.2 (quat. aromatic carbon), 163.6 (0-00), 186.3 (C=O); m / z 
(FAB) 179 ((M+1), 100 %), 121 (25), 105 (94), 77 (46), 29 (30); v (thin film)/cm' 
1690 (C=O), 1740 (C=O, ester). 
Methyl 2-oxo-2-phenylethanoate 183 
This compound was purchased from Aldrich Chemical Company. 
Methyl 2-oxo-2-phenylethanoate tosylhydrazone 184 
In the dark, to a solution of tosyihydrazide (2.8 g, 15 .22 mmol) in methanol (15 
cm 3)  containing one drop of concentrated hydrochloric acid a solution of methyl 2-oxo- 
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2-phenylethanoate 183 (2.5 g, 15.22 mmol) in methanol (20 cm) was added. The 
reaction was warmed to 40 °C for 1 h then allowed to cool to room temperature 
overnight. A white precipitate formed which was removed by filtration and 
recrystallised to give methyl 2-oxo-2-phenylethanoate tosyihydrazone 184 as a mixture 
of syn and anti isomers (4.97 g, 97 %), mp 91-92 °C (methanol); (Found: (M+1), 
333.0900. C 1 6H 1 N20S requires (M+1), 333.0909); 6H  (250 MHz, CDCI3) 2.40, 2.43* 
(s, 3 H, CH3), 3.80, 3.85*  (s, 3 H, OCH3), 7.16-7.88 (m, 9 H, aromatic CH), 11.57 (br, I 
H, NH); 8c (62.9 MHz, CDC13) 21.4, 21.5*  (CH3), 52.6, 52.7*  (OCH3), 127.7, 127.8, 
127.9, 128.4, 129.2, 129.4, 129.6, 129.7 (aromatic CH), 130.5, 133.7, 135.2, 137.7, 
144.3, 144.6 (quat. aromatic carbons), 162.3 (C=O); m / z 333 ((M+ 1)+, 100 %), 272 
(31), 209 (32), 179 (49), 105 (48), 91(65), 77 (54) 59 (71); (Nujol)/cm 1 1710 
(C=O, ester). 
* Indicates the major isomer absorptions. 
2-0xo-4,4-dipheny1but-3-eny1 cyanide 198 
Under a nitrogen atmosphere, 3,3-diphenylprop-2-enoyl chloride 197 (2.70g. 
11.16 mmol) was added to a suspension of cuprous cyanide (2.00 g, 22.40 mmol) in dry 
acetonitrile (50 cm 3)  with cooling in an ice bath. Once the initial reaction had ceased the 
contents were heated at reflux for 2 h then the solvent was removed in vacuo to give a 
black tar. The tar was dissolved with rapid stirring in ether (50 cm 3) and a precipitate 
formed which was removed by filtration. The filtrate was concentrated in vacuo to give 
a brown solid which was recrystallised to give as yellow crystals 2-oxo4,4-
diphenylbut-3-enyl cyanide 198 (1.51g. 58%), mp 116-117 °C (hexane) (Found: C, 
81.8; H, 4.8; N, 5.7; (M+1), 234.0905. C16H 11N0 requires C, 82.3; H, 4.8; N, 6.0 %; 
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(M+1) requires 334.0919); 8H  (250 MHz, CDC13) 6.76 (s, 1 H, CH), 7.25-7.65 (m, 10 
H, aromatic CH); 8c  (62.9 MHz, CDC13) 112.6 (CN), 123.8 (CH), 128.6, 128.7, 129.2, 
130.7, 131.1, 131.6 (aromatic CH), 136.2,138.5, 164.7 (quat. aromatic carbons) 166.3 
(C=O); m / z (FAB) 234 ((M+1) 82 %), 209 (26), 208 (100), 207 (81), 179 (52), 178 
(87), 165 (85), 105 (44), 91(42), 77 (25); (Nujol)/cm4 1680 (C=O), 2218 (CN). 
Methyl 2-oxo-4.4-diphenybut-3-enoate 199 
2-Oxo-4,4-diphenylbut-3-enyl cyanide 198 (1.25 g, 5.36 mmol) and super dry 
methanol (0.17 g, 5,36 mmol) were added to dry ether (10 cm 3). The reaction was 
cooled to 0 °C and dry hydrogen chloride gas was passed through the solution for 6 h. A 
precipitate was formed and the reaction contents were poured onto water (100 cm 3). The 
organic layer was separated and the aqueous layer was extracted further with ether (2 x 
50 cm3). The combined organic layers were dried then concentrated in vacuo to give a 
yellow oil, (tic, silica, hexane-ether 50:50) showed two spots. These were separated by 
dry flash chromatography (silica, hexane-ether, 50:50) to give the faster running 
component as a yellow solid methyl 2-oxo-4,4-diphenylbuta-3-enoate 199 (0.95g, 67 
%), mp 67-69 °C (hexane-ethanol) (Found: C, 76.5; H, 5.4; (M+1), 266.0951. 
C 1 7H1403 requires C, 76.7; H, 5.3; (M+1) requires 266.0943); 8H  (250 MHz, CDC13) 
3.45 (s, 3 H, OCH3), 6.90 (s, 1 H, CH), 7.19-7.44 (m, 10 H, aromatic CH); 8c 62.9 
MHz, CDC1 3 ) 52.2 (OCH3), 121.3, 128.0, 128.3, 128.8, 129.3, 130.1, 130.4 (olefinic 
and aromatic CH), 137.6, 139.6, 160.7 (quat. olefimc and aromatic carbons), 163.1 
(C=O, ester), 184.9 (C=O); v, ( (Nujol)/cm 1 1690 (C=O), 1730 (C=O, ester). 
As the slower running component 2-oxo-4,4-diphenylbut-3-enamide 200 (0.07 g, 
19%), mp 79-80 °C (ethanol) (Found: C, 76.1; H, 5.2; N, 5.2 %; (M+1), 252.1035. 
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C 1 6H 1 3NO2 requires C, 76.5; H, 5.2; N, 5.6 %; (M+1), 252.1025); 6H  (250 MHz, 
CDC13) 6.35 (br, 2 H, NH2), 7.18-7.45 (m, 11 H, aromatic and olefimc CH); 8 c (62.9 
MHz, CDC13) 116.4 (olefinic CH), 127.8, 128.2, 128.3, 128.4, 129.0, 129.6 (aromatic 
CH), 13 8.2, 140.2, 161.8 (quat. aromatic carbons), 163.9 (C=O, amide), 184.1 (C=O); m 
/z (FAB) 252 ((M+1), 83 %), 208 (37), 207 (100), 179 (53), 178 (74), 177 (27), 165 
(37), 105 (29), 91(19), 77 (46); v (Nujol)/cm' 1690 (CO 3 ester), 1710 (C=O, 
amide). 
Methyl 2-oxo-44-diphenylbut-3-enoate tosylhydrazone 166 
Under a nitrogen atmosphere and in the dark, to a solution of tosylhydra.zide (0.37 
g, 1.93 mmol) in ethanol (10 cm 3)  containing one drop of concentrated hydrochloric 
acid was added methyl 2-oxo-4,4-diphenylbut-3-enoate 199 (0.503 g, 1.89 mmol) in 
ethanol (20 cm 3). The reaction mixture was warmed to 40 °C for 1 h then cooled to 
room temperature and stirred for 12 h. A white precipitate formed which was removed 
by filtration and recrystallised to give a mixture of syn and anti isomers of methyl 2-
oxo-4,4-diphenylbut-3-enoate tosylhydrazone 166 (0.61 g, 74 %), mp 107-108 °C 
(ethanol) (Found: C, 66.11; H, 5.3; N, 6.5 %; (M+1), 435.1388. C2 4H22N2SO4 requires 
C, 66.3; H, 5.1; N, 6.5%; (M+1), 435.1378); oH (250 MHz, CDC13) 2.44 (s, 3 H, CR 3 ), 
3.22*, 3.58 (s, 3 H, OCH3), 6.29*,  6.62 (s, 1 H, CH), 6.95-7.76 (m, 14 H, aromatic CH), 
10.85 (br, 1 H, NH); Oc  (62.9 MHz, CDC13) 21.5 (CR3), 5 1.7% 52.4 (CH3), 114.4, 121.5 
(olefinic CH's), 127.8, 128.0, 128.3, 128.4, 128.5, 128.8, 129.3, 129.4, 129.5, 129.8 
(aromaic CH's), 134.8, 135.3, 138.1, 138.7, 139.5, 139.9, 141.6, 142.0, 144.1, 1442, 
152.8 (quat. aromatic and olefimc carbons) 162.0, 163.5 (C=O, ester); in /z (FAB) 435 
166 
((M+1), 85 %), 279 (100), 278 (68), 250 (66), 249 (88), 192 (45), 191 (76), 190 (46), 
165 (52), 154 (72), 91(44), 77 (99); v (Nujol)/cm' 1730 (CO 3 ester) 
* Indicates the major isomer absorptions. 
Sodium Salt of Methyl 2-oxo-4.4-diphenylbut-3-enoate tosylhydrazone 201 
Under a nitrogen atmosphere and in the dark, to a methanolic solution of sodium 
methoxide (5.3 cm3 , 0.425 M, 2.2 mmol) was added to a solution of methyl 2-oxo4,4-
diphenylbut-3-enoate tosyihydrazone 166 (1g. 2.3 mmol) in super dry methanol (10 
cm'). The reaction mixture was stirred at room temperature for 1 h then the solvent was 
removed in vacuo and the residual oil the sodium salt of methyl 2-oxo-4,4-diphenylbut-
3-enoate tosylhydrazone 201 (1.03 g, 98 %), which was dried overnight under high 
vacuum over phosporous pentoxide in a desiccator. The product of the reaction was not 
purified further. 
Thermal Decompostion of the Sodium Salt of Methyl 2-oxo-4,4-diphenylbut-3-
enoate tosylhydrazone 201 
Under a nitrogen atmosphere and in the dark the sodium salt of methyl 2-oxo-4,4-
diphenylbut-3-enoate tosyihydrazone 201 (1.03 g, 2.25 mmol) was dissolved in dry 
DME (40 cm3) and the reaction was heated at reflux for 3 h. The reaction was poured 
onto water (50 cm3) and the aqueous layer was extracted with DCM (3 x 50 cm'). The 
organic phase was dried and concentrated in vacuo to give a yellow oil. Dry flash 
chromatography (silica, hexane-ether, 70:30) gave a mixture of 1H-1-methoxycarbonyl-
3phenylindene* 204 and 3H-3-methoxycarbonyl-1-phenylindene in a 5:1 ratio 205 
(0.24 g, 59 %), mp 92-94 °C (petrol 40-60) (Found: C, 81.3; H, 5.6 %; (M+1), 
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250.0997. C17H1402 requires C, 81.6; H, 5.6; (M+1), 250.0993); 8H  (250 MHz, CDC1 3) 
3.76*, 3.93 (s, 3 H, OCH3), 
4•55*, 
 4.72, (d, 1 H, CH, J2.3), 6.58 (d, 11-I, CH), 6.92-7.65 
(m, 9 H's, aromatic CH); 8c  (62.9, MHz, CDC13) 51.5, 52.3*  (CH), 54.2, 55.5 (OCH3), 
120.6 (olefimc CH), 122.5, 123.9, 124.6, 125.7, 126.1, 127.1, 127.4, 127.6, 127.8, 
128.5, 128.6, 128.7 (aromatic CH), 134.9, 141.4, 143.1, 146.5, 147.6, 148.9 (quat. 
aromatic and olefimc carbons), 170.6 (C=O, ester); m /z (El) 250 (M, 87 %), 192 (49), 
191 (100), 189 (85), 165 (50), 95 (25); v. (Nujol)/cm' 1730 (C=O, ester). 
* Indicates the major isomer absorptions. 
2-Phenylbenzoic acid 185 
This compound was purchased from Aldrich Chemical Company. 
2-Phenylbenzoyl chloride 186 
Under a nitrogen atmosphere 2-phenylbenzoic acid 185 (5 g, 25.25 mmol) was 
added to thionyl chloride (25 cm3). The mixture was heated at reflux for 15 min then the 
solvent was removed in vacuo to give a viscous yellow oil which was distilled to give 2-
phenylbenzoyl chloride 186 (5.32 g, 97 %), bp 210 °C / 1 mmHg lit. 94, 205 °C / I 
mmHg 6H  (60 MIHz, CDC13) 7.05-7.90 (m, 9 H, aromatic CH); v (thin film)/cm' 
1780 (C=O). 
2-Phenylbenzoyl cyanide 187 
Under a nitrogen atmosphere, 2-phenylbenzoyl chloride 186 (5.46 g, 25.25 mmol) 
was added to a suspension of cuprous cyanide (4.95 g, 50.5 mmol) in dry acetonitrile 
(50 cm) with cooling in an ice bath. Once the initial reaction had ceased the mixture 
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was heated under reflux for I h. The solvent was removed in vacuo to give a black tar. 
The tar was dissolved with rapid stirring in ether (50 cm3) and a precipitate formed 
which was removed by filtration. The filtrate was concentrated in vacuo to give a 
viscous yellow oil which on distillation gave 2-phenylbenzoyl cyanide 187 (2.63 g, 50 
%), bp 230 °C I 1 mmHg, lit.94, 242 °C I 1 mmHg; 8 (250 MHz, CDC13) 7.24-8.07 (m, 
9 H, aromatic CH); öc (62.9 MHz, CDCI 3) 112.9 (CN), 127.8, 128.6, 128.8, 129.2, 
131.6, 134.7 (aromatic CH), 132.7, 138.3, 144.5 (quat. aromatic carbons), 168.9 (C=O); 
m/z (FAB) 207 (M, 25 %), 182 (55), 181 (100), 153 (31), 152 (51), 91(24), 77(31); 
V'. (thin film)/cm 1 1680 (C=O), 2220 (CN). 
Methyl 2-oxo-2-(2-phenylphenyl)ethanoate 188 
2-Phenylbenzoyl cyanide 187 (2 g, 9.66 mmol) and super dry methanol (0.31 g, 
9.66 mmol) were added to dry ether (20 cm 3). The reaction was cooled to 0 °C and dry 
hydrogen chloride gas was passed through the solution for 6 h. A precipitate formed and 
the reaction was poured onto water (100 cm 3) and the organic layer was separated and 
the aqueous phase was extracted with ether (2 x 50 cm 3). The combined organic layers 
were dried and concentrated in vacuo to give a yellow oil. Distillation gave a colourless 
oil methyl 2-oxo-2-(2-phenylphenyl)ethanoate 188 (1.22 g, 53 %), bp 210 °C / 0.5 
mmHg (Found: C, 75.0; H, 5:0 %; (M+1), 241.0862. C 1 5H1 203 requires C, 75.0; H, 5.0 
%; (M+1), 241.0865); oH (250 MHz, CDC13) 3.28 (s, 3 H, 0C113), 7.25-7.84 (m, 9 H, 
aromatic CH); oc  (62.9 MHz, CDC1 3) 52.2 (OCH3) 127.5, 128.1, 128.5, 129.3, 129.0, 
130.1, 132.8 (aromatic CH), 134.1, 139.1, 143.0 (quat. aromatic carbons), 162.7 (CO 3 
ester), 189.0 (C=O); m/z (FAB) 242 ((M+1), 30%), 226 (25), 193 (38), 182 (63), 165 
169 
(54, 164 (44), 154 (27), 91(28), 77 (30), 59 (28); v 	(thin film)/cm -1 1690 (C=O), 
1730 (C=O, ester). 
Methyl 2-oxo-2-(phenylphenyl)ethanoate tosylhydrazone 168 
Under a nitrogen atmosphere in the dark, to a solution of tosylhydrazide (0.73 g, 
4.16 mmol) in ethanol (10 cm 3) containing 1 drop of concentrated hydrochloric acid 
was added methyl 2-oxo-2-(phenylphenyl)ethanoate 188 (1 g, 4.16 mmol) in ethanol 
(20 cm3). The reaction was heated to 40 °C for 1 h, then was cooled to room 
temperature and stirred for 12 h. A white precipitate formed and this was filtered off and 
recrysallised to give methyl 2-oxo-2-(phenylphenyl)ethanoate tosylhydrazone 168 (1.33 
g, 79 %), mp 138-139 °C (ethanol) (Found: C, 64.8; H, 5.0; N 6.7 %; (M+1), 409.1214. 
C22H20N2SO4 requires C, 64.7; H, 4.9; N, 6.9 %; (M+1), 409.1222); 6H  (250 MHz, 
CDC13) 2.45 (s, 3 H, CR3), 3.58 (s, 3 H, OCH3), 6.93-7.70 (m, 13 H, aromatic CH); 6c 
(62.9 MHz, CDCI 3) 21.5 (CH3), 52.5 (OCH3), 126.8 (C=N), 127.6, 127.7, 127.8, 128.2, 
128.3, 128.5, 129.5, 130.5, 130.8 (aromatic CH), 134.8, 138.7, 141.4, 144.3, 144.5 
(quat. aromatic carbons), 163.1 (C=O, ester); m / z (FAB) 409 ((M+1)+, 19 %), 349 
(63), 255 (15), 224 (32), 223 (58), 194 (41), 166 (14), 165 (100); (Nujol)/cm 1 1730 
(C=O, ester). 
Sodium salt of methyl 2-oxo-2-(phenylphenyl)ethanoate tosylhydrazone 189 
Under a nitrogen atmosphere and in the dark, to a methanolic solution of sodium 
methoxide solution (1.6 cm3 , 0.43 M, 0.57 mmol) was added methyl 2-oxo-
(phenylphenyl)ethanoate tosyihydrazone 168 (0.25 g, 0.6 mmol) in super dry methanol 
(15 cm3). The reaction was stirred for 1 h at room temperature. The solvent was 
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removed in vacuo to leave the sodium salt of methyl 2-oxo-2-(phenylphenyl) ethanoate 
tosyihydrazone 189 (0.24 g, 93 %), which was dried under high vacuum for 12 h over 
phosphorous pentoxide in a desiccator. The product of the reaction was not purified 
further. 
Thermal decomposition of the sodium salt of methyl 2-oxo-2-
(phenylphenyl)ethanoate tosyihydrazone 189 
Under nitrogen and in the dark the sodium salt of methyl 2-oxo-2-
(phenylphenyl)ethanoate tosyihydrazone 189 (0.24 g, 93 %) was dissolved in dry DIvIE 
(50 cm3) and the reaction was heated at reflux for 3 h. The solvent was removed in 
vacuo to leave a yellow oil which on distillation gave a colourless oil which solidified 
on standing 9H, 9-methoxycarbonylfluorene 192 (0.056 g, 42 %) mp 64-65 °C (hexane), 
lit. 65-67 °C; (Found: FIRMS M, 224.0842. C15H1202 requires M, 224.0837); oH 
(250 MHz, CDC1 3) 3.75 (s, 3 H, OCH3 ), 4.89 (s, 1 H, CM), 7.24-7.78 (m, 8, H, aromatic 
CH); Sc  (62.9 MHz, CDC13) 52.4 (OCH3), 53.2 (CH), 119.7, 125.44, 127.2, 128.0 
(aromatic CH), 140.4, 141.2 (quat. aromatic carbons), 171.3 (C=O, ester); in / z (FAB) 
224 (Mt, 60 %), 209 (16), 166 (46), 165 (100), 164 (32), 152 (35), 91(20), 77 (15); v 
(thin film)/cm' 1730 (C=O, ester). 
Ethyl 44-diphenyl-3-hydroxy-2-diazobutanoate 209 
Di-isopropyl amine (1.77 g 17.54 mmol) in dry THF (15 cm 3)  was cooled to 0 °C 
in an ice bath and n-butyllithium (6. 52 cm 3 , 17.54 mmol, 2.6 M sol.) was added 
dropwise via a syringe not allowing the temperature of the reaction to exceed 5 °C. This 
was stirred for 15 min then cooled to —90 °C and ethyl diazoacetate (2 g, 17.54 mmol) 
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was added dropwise via a syringe while not allowing the temperature of the reaction to 
exceed -80 °C. The reaction was stirred at —90 °C for a further 15 min after the addition 
was complete. Diphenylacetaldehyde 208 (3.43 g, 17.54 mmol) in dry T}{F (10 cm) 
was then added and the reaction was stirred for 1 h at —90 T. The reaction mixture was 
allowed to warm to —78 °C and glacial acetic acid (1.05 g, 17.54 mmol) was added. The 
cooling bath was removed and the reaction was allowed to warm slowly to room 
temperature and stirred overnight. The reaction contents were poured onto water (100 
cm3) and the aqueous phase was extracted with DCM (6 x 100 cm 3). The combined 
organic layers were dried and concentrated in vacuo to leave a red oil. Dry flash 
chromatography (silica, hexane-ether 70:30) gave a red oil ethyl 4,4-diphenyl-3-
hydroxy-2-diazobutanoate 209 (2.97 g, 56 %); 6H  (200.13 MHz, Cd 4) 1.31 (t, 3 H, CH3 
J7.2), 3.52 (br, 1 H, OH), 4.13-4.25 (m, 2 H, OCH2), 5.41 (d, 1 H, CHJ9.6), 7.17-7.63 
(m, 11 H, aromatic CH and benzylic CH); 6 (50.3 MHz, Cd 4) 14.5 (CH3), 56.2 (CH), 
60.4 (OCH2), 69.1 (CH), 126.7, 126.8, 128.0, 128.4, 128.5, 128.8 (aromatic CH), 141.0, 
141.2 (quat. aromatic carbons), 165.6 (CO3 ester); v (thin film)/cm' 1690 (C=O, 
ester), 2090 (diazo). 
Ethyl 4,4-diphenyl-2-diazobut-3-enoate 82 
Ethyl 4,4-diphenyl-3-hydroxy-2-diazobutanoate 209 (0.5 g, 1.61 mmol) in dry 
pyridine was cooled to 0 °C and phosphorus oxytrichloride (0.99 g, 6.45 mmol) was 
added dropwise. The reaction was stirred at room temperature and monitored (tic, 
silica, hexane-ether 90:10) until no starting material remained. The solvent was 
removed in vacuo not allowing the temperature to exceed 30 °C to give a red oil. Dry 
flash chromatography (silica, hexane-ether 90:10) gave a red oil ethyl 4,4-diphenyl-2- 
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diazobut-3-enoate 82 (0.157 g, 32 %); oH (250 MI-lz, CDC1 3) 1.29 (t, 3 H, CH3 J 7.2), 
4.29 (q, 2 H, OCH2J7.2), 6.31 (s, 1 H, olefimc CH), 7.06-7.75 (m, 10 H, aromatic CH); 
8c (62.9 MHz, CDC13) 14.4 (CH3), 61.2 (OCH2), 109.6 (olefimc CH), 126.8, 127.1, 
127.7, 128.1, 128.2, 130.1 (aromatic CH), 129.9, 136.4, 138.2, 141.7 (quat. aromatic 
and olefinic carbons), 166.32 (C=O, ester); v (thin film)/cm - 1 1700 (CO3 ester), 
2080 (diazo). 
Thermal decomposition of ethyl 4 g4-diphenyl-2-diazobut-3-enoate in octane 82 
Under a nitrogen atmosphere in the dark, ethyl 4,4-diphenyl-2-diazobut-3-enoate 
82 (0.25 g, 0.85 mmol) was dissolved in dry octane (20 CM)  . The reaction was heated 
to 110 °C for 1 h and was cooled to room temperature. The solvent was removed in 
vacuo to give a yellow oil. Distillation gave a colourless oil, a mixture of 1H-1-
ethoxycarbonyl-3 -phenylindene' 211 and 1H-3 -ethoxycarbonyl- I -phenylindene 212 
(204 mg, 92 %), bp 210 °C / 0.2 mmHg (found C, 81.7; H, 6.2 %; (M+1), 265.1227. 
C18H1602 requires C, 81.8; H, 6.1 %; (M+1), 265.1228); 8H  (250 MHz, CDC1 3) 1.31' 
(t, 3 H, CH3 J7.1), 1.42 (t, 3 H, CH3 J7.1), 4.22' (qd, 2 H, OCH2 J7.1 & 2.7), 4.41 (q, 
3 H, OCH2 J 7.1), 4.54' (d, 1 H, CH J 2.2), 4.71 (d, 1 H, CH J 2.2), 6.60' (d, 1 H, 
olefinic CH J2.2), 7.08-7.84 (m, 9 H, aromatic); Sc (62.9 MFIz, CDCI3) 14.1' (CH3), 
14.2 (CH3), 54.2' (CH), 55.4 (CH), 60.5 (OCH2), 61.2' (OCH2), 120.5', 122.5 (olefimc 
CH), 123.9, 124.0, 124.5, 125.7, 126.1, 126.6, 127.0, 127.1, 127.4, 127.6, 127.7, 127.9, 
128.1, 128.5, 128.7, 128.8, 129.9 (aromatic CH), 132.3, 134.9, 137.4, 141.5, 143.2, 
146.4, 147.6, 148.7 (quat. aromatic carbons), 164.4, 170.1' (C=O, ester); m / z (FAB) 
265 ((M+1), 26 %), 252 (84), 251 (71), 193 (31), 192 (100), 191 (83), 178 (57), 165 
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(30); v. thin film / cm' 1730 (C=O, ester). 
*Indicates the major isomer absorptions. 
Thermal decomposition of ethyl 44-diphenyl-2-diazobut-3-enoate in DME 82 
Under a nitrogen atmosphere and in the dark, ethyl 4,4-diphenyl-2-diazobut-3-
enoate 82 (0.23 g, 0.78 mmoi) was dissolved in dry DUE (20 cm 3 ). The reaction was 
heated to reflux and monitored by infra-red spectroscopy and (tic, silica, ether-hexane 
10:90) until no starting material remained. The solvent was then removed in vacuo to 
give a yellow oil. Distillation gave a mixture of 1H-1-ethoxycarbonyl-3-phenyiindene 
211 and IH-3-ethoxycarbonyl-1-phenylindene 212 (168 mg, 84 %), bp 210 °C / 0.2 
mmHg, all analysis identical in all respects to that obtained from the thermal 
decomposition of ethyl 4,4-diphenyl-2-diazobut-3-enoate 82 in octane. 
Synthesis of authentic compounds 
Indan-1-one 213 
This compound was purchased from Aldrich Chemical Company. 
1H-3-Phenylindene 214 
Under a nitrogen atmosphere, to a Grignard reagent prepared from bromobenzene 
(5.89 g, 37.8 mmol) and magnesium (0.92 g, 37.8 mmol) in dry ether (30 cm) was 
added solution of indan-1-one 213 (5 g, 37.8 mmoi) in dry ether (20 cm 3) dropwise with 
cooling in an ice bath. After the initial reaction had subsided the mixture was heated at 
reflux for 30 mm. On cooling to room temperature the reaction was acidified with 
sulphuric acid (50 cm3 , 6 M) and the organic layer separated. The aqueous layer was 
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extracted with ether (2 x 50 cm 3). The combined organic layers were dried and 
concentrated in vacuo to give a colourless oil. Distillation gave 1H-3-phenylindene 214 
(4.0 g, 59 %), bp 200 °C / 1 mmHg lit. 78, 200-201 °C / lmmHg; 8H (199 MHz, CDCI 3 ) 
3.73 (d, 2 H, CH2 J 2.8), 6.82 (t, 2 H, CH J 2.8), 7.49-7.93 (m, 9 H, aromatic CH); 8 c  
(50.2 MFJz, CDC1 3) 37.3 (CH2), 119.5 (olefimc CH), 123.3, 124.0, 125.3, 126.7, 126.9, 
127.7, 127.9 (aromatic CH), 130.1, 143.1, 143.9, 144.4 (quat. aromatic and olefinic 
CH); m /z (El) 192 (Mt, 36 %), 191 (100), 152 (19), 95 (30), 89 (15), 77 (18). 
1H-1-Carboxy-3-phenylindene 215 and 1H-3-carboxy-1-phenylindene 216 
Under a nitrogen atmosphere, di-isopropylamine (0.66 g, 11 minol) in dry ether 
(10 cm) was cooled to 0 °C in an ice bath and n-butyllithium (1.07 cm 3 , 5.5 mmol) was 
added dropwise not allowing the temperature of the reaction exceed 5 T. The reaction 
was warmed to room temperature, stirred for 30 min then cooled to 0 °C and a solution 
of 1H-3-phenylindene 214 (0.5 g, 5.5 mmol) in dry ether (5 cm 3)  was added dropwise 
via a syringe. The mixture was stirred at 0 °C for a further 2 h then powdered dry ice (5 
g, 113 mniol) was added with rapid stirring. The reaction was allowed to warm to room 
temperature and ammonium chloride (50 cm3 , 10 % w/v) was added. The organic layer 
was separated and the aqueous layer was extracted with ether (2 x 50 cm 3). The 
combined organic extracts were dried and concentrated in vacuo to leave an orange 
foam which resisted all attempts at crystallisation. Distillation gave 1H-3-carboxy-1. 
phenylindene 216 and 1H-1-carboxy-3-phenyhndene* 0 215 (0.21 g, 32%), bp 240 C / 1 
mmHg; (Found: HIRMS M, 236.0834. C16H1202 requires M, 236.0837); 6H  (250 MHz, 
CDC13) 4.69*,  4.82 (d, I H, CH J 2.2), 6.71 (d, 1 H, CH J 2.2), 6.91-7.78 (m, 9 H, 
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aromatic CH), 11.48 (hr. 1 H, OH); 8c (62.9 MHz, CDCI3) 53.9, 55.6*  (CH),  120.6*, 
122.5 (olefimc CH), 123.9, 124.6, 125.9, 126.2, 127.1, 127.2, 127.5, 127.6, 127.8, 
128.0, 128.4, 128.7 (aromaitic CH), 134.5, 134.6, 136.8, 139.2, 140.7, 140.8, 146.9, 
147.5, 151.6 (quat. aromatic carbons), 169.6, 177.0*  (CO, acid); m /z (FAB) 236 (M, 
45 %), 219 (22), 218 (39), 207 (28), 192 (76), 191 (100), 190 (96), 165 (48), 105 (19), 
77(30); v (Nujol)/cm 1690 (CO 3 acid). 
* Indicates the major isomer absorptions. 
1H-1-Methoxycarbonyl-3-phenylindene 204 and 1H-3-methoxycarbonyl-1-
phenylindene 205 
A mixture of 1H-1-carboxy-3-phenylindene 215 and 1H-3-carboxy-l-
phenylindene 216 (0.46 g, 1.19 mmol) was dissolved in methanol (10 cm) containing 
one drop of concentrated hydrochloric acid. The reaction was heated under reflux and 
monitored (tic, silica, hexane-ether 70:30) until none of the starting material remained. 
The reaction was neutralised with solid sodium bicarbonate then the solvent was 
removed in vacuo to give a yellow oil. Distillation gave a mixture which crystallised on 
standing, IH-1-methoxycarbonyl-3-phenylindene * 204 and 1H-3-methoxycarbonyl-3-
phenylindene 205 (0.47 g, 70%), mp 92-94 °C (petrol 40-60) 1, identical in all respects 
to the products from the thermal decomposition of the sodium salt of methyl 2-oxo4,4-
diphenylbut-3 -enoate tosyihydrazone 189. 
Indicates the major isomer absorptions. 
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111-1-Ethoxycarbonyl-3-phenylindene 211 and 1H-3-ethoxycarbonyl-1-
phenylindene 212 
A mixture of 1H-1-carboxy-3-phenylindene 215 and 1H-3-carboxy-l-
phenylindene 216 (0.3 g, 1.27 mmol) was dissolved in ethanol (10 cm 3) containing one 
drop of concentrated hydrochloric acid. The reaction was heated at reflux and monitored 
(tic, silica, hexane-ether 70:30) until none of the starting material remained. The 
reaction was then neutralised with solid sodium bicarbonate and the solvent was 
removed in vacuo to leave a colourless oil. Distillation gave a mixture of IH-1-
ethoxycarbonyl-3 pheny1indene* 211 and 1H-3 -ethoxycarbonyl- 1 -phenylindene 212 
(0.198 g, 60 %), bp 210 °C / 0.2 mmHg, identical in all respects to the product obtained 
by the thermal decomposition of ethyl 4,4-diphenyl-2-diazabuta-3-enoate 82. 
Synthesis of Diene Conjugated Diazo-Compounds Containing 
Phosphorus Electron Withdrawing Groups. 
Diethyl 2-phenylbenzoylphosphonate 217 
2-Phenylbenzoyl chloride 186 (3 g, 13.85 mmol) was added dropwise to 
triethylphosphite (1.2 g, 7.8 mmol). The reaction was stirred overnight at room 
temperature and the excess triethyl phosphite was removed in vacuo to leave a yellow 
oil, which resisted all further attempts at purification, diethyl 2-
phenylbenzoylphosphonate 217 (1.89 g, 85 %), bp 250 °C dec. / 1 mmHg (Found: 
HRMS (M+ 1 ), 319.1106. C 17H20PO4 requires (M+ 1 ), 319.1099); SH (60 MHz, CDC1 3 ) 
1.30 (t, 6 H, CH3 J 7.0), 4.20 (q, 4 H, OCH 2 J 7.0), 7.10-7.70 (m, 9 H, aromatic CH); & 
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(90 MHz, CDC13) 16.1, 16.2 (CH3), 63.7, 63.8 (OCH2), 127.0, 127.3, 128.2, 128.8, 
129.6, 131.1, 132.0 (aromatic çH), 136.5, 137.2, 139.9, 142.0 (quat. aromatic carbons), 
202.8, 204.6 (C=O); v (thin film)/cm' 1670 (C0). 
Diethyl 2-phenylbenzoylphosphonate tosylhydrazone 169 
Under a nitrogen atmosphere in the dark, to a solution tosylhydrazide (1.17 g, 
6.28 mmol) in ethanol containing 1 drop of concentrated hydrochloric acid was added a 
solution of diethyl 2-phenylbenzoylphosphonate 217 (2 g, 6.28 mmol) in ethanol (15 
cm). The reaction was heated to 40 °C for 1 h then cooled to room temperature and 
stirred for 12 h. A white precipitate formed and was removed by filtration which was 
reciystallised to give diethyl 2-phenylbenzoylphosphonate tosylhydrazone 169 (1.71 g, 
56 %), mp 122-123 °C (ethanol) (Found: C, 59.6; H, 5.5; N, 5.7 %. C 24H27N2PS05 
requires C, 59.2; H, 5.6; N, 5.8 %); 8H  (60 MHz, CDC1 3) 1.00 (t, 6 H, CH3 J 7.0), 2.40 
(s, 3 H, CH3), 3.70 (q, 4 H, OCH2 J7.0), 7.00-7.70 (m, 13 H, aromatic CH), 11.70 (br, 
NH). 
Sodium salt of diethyl 2-phenylbenzoylphosphonate tosylhydrazone 218 
Under a nitrogen atmosphere and in the dark, to an ethanolic solution of sodium 
ethoxide (7.4 cm 3, 0.22 M, 1.55 mmol) was added a solution of diethyl 2-
phenylbenzoylphosphonate tosyihydrazone 169 (0.8 g, 1.64 mmol) in super dry ethanol 
(20 CM)  . The reaction was stirred for 1 h at room temperature then the solvent was 
removed in vacuo to give the sodium salt of diethyl 2-phenylbenzoylphosphonate 
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tosylhydrazone 218 (0.82 g, 98 %), which was dried at high vacuum over phosphorous 
pentoxide in a desiccator for 12 h. The product of this reaction was not purified further. 
Thermal Decomposition of the Sodium Salt of Diethyl 2-
phenylbenzoy1phosphonate tosylhydrazone 218 
Under a nitrogen atmosphere in the dark, the dried sodium salt of diethyl 2-
phenylbenzoylphosphonate tosyihydrazone 218 (0.82 g, 1.53 mmol) was dissolved in 
dry DME (40 cm3 ). The reaction was heated at reflux of 72 h and monitored by infra-
red spcetroscopy for the disappearance of the intermediate diazo-compound. When no 
diazo-compound remained the reaction flask contents were poured onto water (50 cm). 
The aqueous layer was extracted with DCM (3 x 50 cm 3). The combined organic 
extracts were dried and concentrated in vacuo to give an orange oil which solidified on 
standing. Recrystallisation gave white crystalline solid 9H, 9-diethylphosphoryl 
fluorene 221 (215 mg, 43 %), mp 91-92 °C (hexane) lit. 96, 91-92 °C (Found: HRMS 
(M+1), 303.1155. C 17H20P03 requires (M+1), 303.1150); 6H  (200.13 MHz, CDC1 3) 
1.04 (t, 6 H, CH3), 3.82-4.01 (m, 4 H, OCH2), 4.45 (d, 1 H, CHJ3O.1), 7.12-7.93 (m, 8 
H, aromatic CH); 6c  (50.3 MHz, CDC13) 15.9, 16.0 (CH3), 45.5, 48.2 (CH), 62.6, 62.7 
(CH2), 119.8, 126.1, 126.9, 127.7 (aromatic CH), 138.5, 141.5 (quat. aromatic carbons); 
6 (81.01 MHz, CDC13 ) 25.08 (P=O). 
(E)42-Phenyletheny1)benzoic acid 222 
Is not a commercially available product but was prepared by Box 81 
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(E)-(2-Phenylethenyl)benzoyl chloride 223 
(E)-(2-phenylethenyl)benzoic acid 222 (3 g, 13.4 mmol) was dissolved in dry 
DCM and dry DMF (0.99 g, 13.4 mmol). The reaction was cooled to 0 °C using an ice 
bath and thionyl chloride (1.59 g, 13.4 mmol) was added via a syringe. The ice bath was 
removed and the reaction was stirred at room temperature for 4 h. The solvents were 
removed in vacuo to give a yellow oil (E)-(2-phenylethenyl)benzoyl chloride 223 (3.14 
g, 96 %); SH (60 MHz, CDC13) 7.20-8.00 (m, 11 H, aromatic CH); v (thin film)/cm' 
1790 (C=O). 
(E)-Diethyl [2-(2-phenylethenyl)benzoyll phosphonate 224 
(E)-(2-phenylethenyl)benzoyl chloride 223 (3.14 g, 12.9 mmol) was added 
dropwise with cooling in an ice bath to triethylphosphite (2.22 g, 13.3 mmol). The 
reaction was stirred at room temperature for 12 h and the excess triethyiphosphite was 
removed in vacuo to give a yellow oil which was impossible to purify further (E)-
diethyl [2-(2-phenylethenyl)benzoyl]phosphonate 224 (3.21 g, 87 %), bp 250 °C dec. / I 
mmHg; 5H  (200 MHz, CDC1 3 ) 1.14 (m, 6 H, CH 3 ), 3.10 (m, 4 H, CH2), 6.96-7.89 (m, 11 
H, aromatic and olefimc CH's); Sc (360 MHz, CDC13) 16.2 (CH3), 63.9 (OCH 2), 126.6, 
126.8, 127.1, 127.3, 127.8, 127.9, 128.5, 132.5, 133.3 (olefinic and aromatic CH), 
138.6, 139.2, 143.7 (quat. aromatic carbons), 200.6, 202.5 (C0). 
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(E)-Diethyl 1242-phenyletheny0benzoyll phos phonate tosylhydrazone 171 
Under a nitrogen atmosphere in the dark, to a solution of tosyihydrazide (2.49 g, 
13.4 mmol) containing I drop of concentrated hydrochloric acid was added (K)-diethyl 
[2-(2-phenylethenyl)benzoyl]phosphonate 224 (4.6 g, 13.4 mmol) in ethanol (20 CM). 
The reaction was heated to 40 °C for 1 h then cooled to room temperature and stirred for 
12 h. A white precipitate formed which was removed by filtration and recrystallised to 
give (E)-diethyl [2-(2-phenylethenyl)benzoyl]phospbonate tosylhydrazone 171 (2.01 g, 
30 %), mp 147-148 °C (ethanol) (Found: C, 61.1; H, 6.0; N, 5.3 %. C26H29N2PS05 
requires C, 60.9; H, 5.7; N, 5.5 %); 8H  (250 MHz, CDC13) 1.15 (t, 6 H, CH3 J7.2), 2.16 
(s, 3 H, CH3), 4.00 (q, 4 H, OCH2 J7.2), 6.95-7.81 (m, 15 H, olefinic and aromatic CH), 
11.88 (br, 1 H, NH); Sc  (62.9 MHz, CDC13) 15.7 (CH3), 21.2 (CH3), 63.6 (OCH 2), 
125.2, 125.6, 125.5, 126.3, 126.9, 127.4, 127.6, 128.3, 129.2, 129.3, 130.4 (olefinic and 
aromatic CH), 133.5, 135.4, 136.5, 136.7, 141.4, 144.0 (quat. aromatic carbons). 
Sodium salt of (E)-Diethyl 12-(2-phenylethenyflbenzoyllphosphonate 
tosyihydrazone using a 5 % deficiency of base 225 
Under a nitrogen atmosphere in the dark, to an ethanolic solution of sodium 
ethoxide (4.2 cm 3,  0.22 M solution, 0.92 mmol) was added a solution of (E)-diethyl [2-
(2-phenylethenyl)benzoyl]phosphonate tosyihydrazone 171 (0.5 g, 0.97 mmol) in super 
dry ethanol (10 cm3). The reaction was stirred for 1 h at room temperature then the 
solvent was removed in vacuo to give the sodium salt of (E)-diethyl [2-(2-
phenylethenyl)benzoyl]phosphonate tosylhydrazone 225 (0.49 g, 94 %), which was 
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dried under high vacuum over phosphorous pentoxide for 12 h. The product of this 
reaction was not purified further. 
Thermal Decomposition of the Sodium salt of (E)-Diethyl 1242-phenylethenyl) 
benzoyllphosphonate tosylhydrazone 225 
Under a nitrogen atmosphere in the dark, the sodium salt of (K)-diethyl [2-(2-
phenylethenyl)benzoyl]phosphonate tosylhydrazone 225 (0.49 g, 0.91 mmol) was 
dissolved in dry DME (40 cm3). The reaction was then heated at reflux for 72 h and was 
monitored by infra-red spectroscopy for the disappearance of the intermediate diazo-
compound. When all the intermediate diazo compound had been consumed the reaction 
was poured onto water (50 cm3). The aqueous layer was extracted with DCM (3 x 50 
cm) and the combined organic extracts dried and concentrated in vacuo to give a 
colourless oil which solidified on standing in the refrigerator. Recrystallisation gave a 
white crystaline solid 1H,1-diethylphosphoryl-2-phenylindene 228 (228 mg, 70 %), mp 
89-91 (ether) (Found: C, 69.5; H, 6.4 %; (M+1), 329.1309. C 19H21P03 requires C, 
69.5; H, 6.4 %; (M+1)+, 329.1306); 8H  (250 MHz, CDCI3) 0.93 (t, 3 H, CH3 J 7.0), 1.01 
(t, 3 H, CR3 J 7.0), 3.36-3.53 (m, 1 H, OCH2), 3.67-3.95 (m, 3 H, OCH2), 4.60 (dt, CH J 
31.3, 0.7), 7.15-7.84 (m, 10 H, olefinic and aromatic CH); 8 c (50.3 MHz, CDC1 3 ) 15.5 
(CH3), 45.1, 47.8 (CH), 62.0, 62.8 (OCH2), 120.8 125.8 126.3, 127.4, 127.5, 127.8, 
128.9, 130.1, 130.4, 131.4, (olefimc and aromatic CH's), 127.9, 132.3, 132.4, 135.6, 
136.1 (quaternary carbons); m /z (FAB) 329 ((M+1), 100 %), 328 (49), 273 (18), 192 
(28), 191 (48). 
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Sodium salt of (E)-Diethyl [2-(2-phenylethenyl)benzoyll phosphonate 
tosyihydrazone using a 10 % excess of base 225 
Under a nitrogen atmosphere in the dark, to an ethanolic solution of sodium 
ethoxide (5.2 cm3, 0.22 M solution, 1.04 mmol) was added to a solution of (E)-diethyl 
[2-(2-phenylethenyl)benzoyl]phosphonate tosylhydrazone 171 (0.5 g, 0.97 mmol) in 
super dry ethanol (10 cm 3). The reaction was stirred for 1 h at room temperature then 
the solvent was removed in vacuo to give sodium salt of (E)-diethyl [2-(2-
phenyiethenyl)benzoyl]phosphonate tosylhydrazone 225 (0.47 g, 92 %), which was 
dried under high vacuum over phosphorous pentoxide for 12 h. The product of this 
reaction was not purified further. 
Thermal Decomposition of the Sodium salt of (E)-Diethy142-(2-phenyl 
ethenyl)benzoyilphosphonate tosyihydrazone using a 10 % excess of base 225 
In the dark and under a nitrogen atmosphere, the sodium salt of (E)-diethyl [2-(2-
phenylethenyl)benzoyl]phosphonate tosyihydrazone 225 (0.47 g, 0.88 mmol) was 
dissolved in dry DME (40 cm3 ). The reaction was then heated at reflux for 72 h and was 
monitored by infra-red spectroscopy for the disappearance of the intermediate diazo-
compound. When all the intermediate diazo-compound had been consumed the reaction 
was poured onto water (50 cm3). The aqueous layer was extracted with DCM (3 x 50 
cm3) and the combined organic extracts dried and concentrated in vacuo to give a red oil 
which tic (silica, ethyl acetate-hexane 50:50) showed to be two components. Dry flash 
chromatography (silica, ethyl acetate-hexane 30:70) gave the faster running component 
1H, 1 -diethyiphosphoryi-3-phenyiindene 228 (89 mg, 30 %), mp 89-91 °C (ether), all 
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analysis identical in all respects to that obtained from the thermal decomposition of (K)-
diethyl [2-(2-phenylethenyl)benzoyl]phosphonate tosyihydrazone 225. 
As the slower running component 5H,1-diethylphosphoryl-4-phenyl- benzo[c]-
2,3-diazapine 231 (113 mg, 36 %), mp 125-127 °C (hexane-ethanol) dec. (Found: 
FIRMS (M+ 1 ), 357.1360. C 19H2 1N2P03 requires (M+ 1 ), 357.1368); oH (250 MHz, 
CDC13) 1.25 (t, 3 H, CH3), 1.39 (t, 3 H, CH3), 2.99 (d, 1 H, CH2J 13), 4.14 (d, 1 H, CH2 
J 13), 4.16-4.22 (m, 2 H, OCH2), 4.32-4.44 (m, 2 H, OCH2), 7.25-8.06 (m, 10 H, 
aromatic CH); 8c  (62.9 MHz, CDC13) 16.1 (CH3), 34.4 (CH2), 63.0, 63.7 (OCH2), 
126.5, 127.3, 127.5, 128.5, 128.9, 130.3, 131.8 (aromatic CH), 128.1, 131.2, 134.4, 
139.3, 139.4 (quat. aromatic carbons); Op (101.2 MHz, CDC13) 8.76 (P=O). 
Synthesis of precursors to Triene-conjugated Diazo-compounds 
Bromo Acylaldehydes 
1-Bromo-2-formylcyclopentene 268 
This compound was prepared by a modification of the method of Arnold et al.66 . 
Under a nitrogen atmosphere phosphorus tribromide (35 g, 114 mmol) was added over 
30 min dropwise with stirring and ice cooling to a solution of DMF (10.07 g, 138 
mmol) in dry chloroform (40 cm 3). After stirring for 30 min a white precipitate formed 
and cyclopentan-1-one (3.87 g, 46 mmol) in dry chloroform (20 cm) was added 
dropwise. The ice cooling was removed and the reaction was stirred for a further 24 h at 
room temperature. The solvent was removed in vacuo and the residual oil was poured 
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onto ice (1500 g). The ice melted and the solution was neutralised using solid sodium 
bicarbonate. The aqueous layer was extracted with ether (3 x 250 CM)  . The combined 
organic layers were washed with saturated sodium bicarbonate solution (2 x- 250 cm) 
then water (250 cm. 3). The organic layer was dried and concentrated in vacuo to give a 
yellow oil. Flash chromatography (silica, hexane-ether 75:25) gave a pale yellow oil 
which was not purified further, 1-bromo-2-formylcyclopentene 268 (4.96 g, 62 %); 8H 
(250 MHz, CDC13) 1.91-2.00 (m, 2 H, CH2), 2.43-2.5 1 (m, 2 H, CH2), 2.81-2.90 (m, 2 
H, CH2), 9.84 (s, 1 H, CHO); 6c  (62.9 MHz, CDC13) 21.1 (CH2), 29.0 (CH2), 42.3 
(CH2), 139.7, 141.2 (quat. olefinic carbons), 188.9 (CHO); m / z (FAB) 177 ( 81Br 
(M+1), 47 %), 175 (79Br (M+1), 49 %), 159 (18), 97 (20), 81(20), 79 (60). 
1-Bromo-2-formylcyclohexene 307 
Under a nitrogen atmosphere phosphorus tribromide (81.2 g, 303 mmol) was 
added over 30 min dropwise with ice cooling to a solution of DMF (22.7 g, 311 mmol) 
in dry chloroform (100 cm3). After 30 min a white precipitate formed and cyclohexan-1-
one (10 g, 104 mmol) was added dropwise, the cooling was removed and the reaction 
was stirred at room temperature for 24 h. The solvent was removed in vacuo and the 
residual oil was pour onto ice (1500 g). The ice melted and the solution was neutralised 
with solid sodium bicarbonate. The aqueous phase was then extracted with ether (3 x 
250 cm3 ) and the combined organic layers were washed with saturated sodium 
bicarbonate solution (2 x 250 cm 3 and water (250 cm 3). The organic phase was dried 
and concentrated in vacuo to give a yellow oil. Flash chromatography (silica, hexane-
ether 75:25) gave a colourless oil which was not purified further, 1-bromo- 
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formylcyclohexene 307 (8.47 g, 43 %); 6H (199.75 MHz, CDC1 3) 1.65-1.75 (m, 4 H, 
CH2), 2.20-2.33 (m, 2 H, CH2), 2.67-2.75 (m, 2 H, CH2) 9.95 (s, I H, CHO); 8c  (50.3 
MHz, CDC13) 20.0 (CH2), 23.2 (CH2), 23.9 (CH 2), 37.8 (CH2), 134.3, 142.7 (quat. 
olefinic carbons), 192.8 (CHO); in / z (ES CV25 V) 191 ("'Br (M+1), 100 %) 189 
(79Br (M+1), 100 %); v1 (thin film)/cm-1 1680 (CHO). 
(Z)-3-Bromo-2-phenylbut-2-enal 315 and (E)-3-bromo-2-phenylbut-2-enal 316 
Under a nitrogen atmosphere phosphorus tribromide (50.7 g, 186 mmol) was 
added over30 min dropwise with stirring and ice cooling to a solution of DMF (16.4 g, 
160 nimol) in dry chloroform (100 CM).  After 30 min a white precipitate formed and 
phenylacetone (10 g, 75 mmol) was added dropwise. The cooling was removed and the 
reaction was stiired at room temperature for 24 h. The solvent was removed in vacuo 
and the residual oil was poured onto ice (1500 g). The aqueous phase was extracted 
with ether (3 x 250 cm3 ), the combined organic layers were washed with saturated 
sodium bicarbonate solution (2 x 250 cm) then water (250 cm 3). The organic phase was 
dried and concentrated in vacuo to give a yellow oil a mixture of (Z)-3-Bromo-2-
phenylbut-2-enal 315 and (E)-3-bromo-2-phenylbut-2-enal 316. These two compounds 
were separated by medium pressure liquid chromatography (silica, hexane-ether 80:20) 
to give the faster running component (Z)-3-bromo-2-phenylbut-2-enal 315 (4.43 g, 25 
%) 8H  (250 MHz, CDC1 3) 2.49 (s, 3 H, CH3), 7.04-7.43 (m, 5 H, aromatic CH), 10.25 
(s, 1 H, CHO); 8c  (62.3 MHz, CDCI3) 29.0 (CH3), 128.1, 128.3, 129.2 (aromatic CH), 
133.5, 139.4, 143.8 (quat. aromatic and olefinic carbons), 192.9 (CHO); m / z (FAB) 
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227 (81Br (M+1) 48 %), 225 (79Br (M+1) 49 %), 161 (58), 129 (71), 115 (60); 
(thin film)/cm' 1680 (CHO). 
As the slower running component (E)-3-bromo-2-phenylbut-2-enal 316 (1.76 g, 
10 %); 8H (199.97 M1-Iz, CDC1 3) 2.97 (s, 3 H, CH3), 7.12-7.46 (m, 5 H, aromatic CH), 
10.09 (s, 1 H, CHO); S (50.3 MHz, CDC13) 25.6 (CH3), 128.1, 128.5, 129.0 (aromatic 
CH), 135.9, 141.9, 147.1 (quat. aromatic and olefimc carbons), 186.2 (CHO); v (thin 
film)/cm' 1680 (CHO). 
Phosphonium salts for Wittig Reactions 
Benzvl triphenyiphosphonium bromide 
Under a nitrogen atmosphere, a mixture of benzyl bromide (50 g, 0.294 mol) and 
triphhènylphosphine (77.0 g, 0.294 mol) in dry cyclohexane (250 cm) was heated at 
reflux for 4 h. The reaction was cooled to room temperature and a white precipitate 
formed which was removed by filtration. The white solid was washed with ether (3 x 
100 cm3) and dried under high vacuum I mmHg to give benzyl triphenyiphosphonium 
bromide (101.6 g, 80%), mp 289-291 °C (hexane). 
Methyl triphenylphosphonium bromide 
This product is commercially available and was purchased from Aldrich. 
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Ethyl triphenyiphosphonium bromide 
This product is commercially available and was purchased from Aldrich. 
Isopropyl triphenylphosphonium iodide 
This product is commercially available and was purchased from Avocardo. 
Methyl (triphenylphosphoranylidene)acetate 
This product is commercially available and was purchased from Aldrich. 
4-Methylbenzyl triphenyiphosphonium chloride 
This product is commercially available and was purchased from Aldrich. 
Triethyl phosphonacetate 
This product is commercially available and was purchased from Aldrich. 
Bromo dienes 
(E)-1-Bromo-2-(2-phenylethenyl)cyclopentene 269 and (Z)-1-bromo-242-
phenylethenyl)cyclopentene 270 
Under a nitrogen atmosphere n-butyllithium (6.62 cm 3, 2.6 M solution, 11.25 
mmol) was added dropwise with stirring to a suspension of benzyl 
tnphenylphosphonium bromide (7.46 g, 11.5 mmol) in dry ether (150 cm3). This was 
stirred at 0 °C for 1 h to generate the ylid. 1-bromo-2-formylcyclopentene 268 (3 g, 
11.25 mmol) in dry ether (10 cm) was added dropwise and the reaction was stirred at 0 
°C for 1 h, then at room temperature for 2 h. The reaction was hydrolysed with 
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ammoniuin chloride (10 % w/v, 150 cm 3) and stirred for 15 mm. An organic layer 
formed and was removed, the aqueous layer was extracted with ether (2 x 150 cm 3). The 
combined organic layers were washed with water (2 x 100 cm 3), dried and then 
concentrated in vacuo to give a brown solid a mixture of (E) 269 and (Z)- 1 -bromo-2-(2-
phenylethenyl)cyclopentene 270. Medium pressure liquid chromatography (silica, 
hexane 100 %) gave the faster running component as a colourless oil which solidified 
on standing (E)-1-Bromo-2-(2-phenylethenyl)cyclopentene 269 (1.59 g, 37 %) mp 61-
63 °C (hexane), lit 97,mp 61-62 °C; 6H (250 MHz, CDC13 ) 2.00-2.11 (m, 2 H, CH2), 
2.57-2.63 (m, 2 H, CH2), 2.78-2.84 (m, 2 H, CH2), 6.57 (d, I H, CH  16.1), 7.07 (d, I 
H, CH J 16.1), 7.23-7.52 (m, 5 H, aromatic CH); 8c  (62.9 MHz, CDC1 3) 21.4 (CH2), 
31.0 (CH2), 40.7 (CH2), 122.8, 126.4, 127.6, 128.5, 131.4 (aromatic and olefimc CH), 
121.4, 137.1, 137.8 (aromatic and olefinic carbons); m /z (FAB) 250 ("Br (Md), 98 %), 
248 (79Br (MTj, 100 %), 169 (63), 141 (50), 115 (44). 
The slower running component as a white solid (Z)-1-Bromo-2-(2-phenylethenyl) 
cyclopentene 270 (1.02 g, 24 %) mp 37-39 °C, lit 97  35-40 °C; 8H (250 MHz, CDC1 3 ) 
1.78-1.90 (m, 2 H, CH2), 2.10-2.16 (m, 2 H, CH2), 2.64-2.73 (m, 2 H, CH2), 6.44 (d, 1 
H, CH J 12.2), 6.67 (d, 1 H, CH J 12.2), 7.21-7.36 (m, 5 H, aromatic CH); 6c  (62.9 
MHz, CDCI3 ) 22.6 (CH2), 33.3 (CH2), 39.8 (CH2), 124.9, 126.9, 127.5, 128.7, 131.5 
(aromatic and olefimc CH), 123.3, 137.5, 137.9 (quat. aromatic and olefinic carbons). 
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(E)-1-Bromo-2-(2-carbomethoxyethenvl)cvclonentene 299 
Under a nitrogen atmosphere methyl (triphenylphosphoranoylidene)acetate (7.68 
g, 22.9 mmol) and 1-bromo-2-formylcyclopentene 268 (4 g, 22.9 mmol) in dry toluene 
(75 cm) were heated at reflux for 3 h. The solvent was removed in vacuo to give a 
yellow solid. Flash chromatography (silica, hexane-ether 80:20) gave a white solid (E)-
1-bromo-2-(2-carbomethoxyethenyl)cyclopentene 299 (4.83 g, 83%), mp 63-64 °C 
(ethanol), lit. 97, mp 63-64 °C (ethanol); ö (199.97 MHz, CDCI 3) 1.93-2.08 (m, 2 H, 
CH2), 2.42-2.50 (m, 2 H, CH2), 2.75-2.82 (m, 2 H, CH2), 3.71 (s, 3 H, OCH3), 5.75 (d, 1 
H, CH  16.2), 7.48 (d, 1 H, CH  16.2); 8c  (50.3 MHz, CDC13) 21.4 (CU2), 30.6 (CR2), 
41.4 (CH2), 51.5 (CH3), 120.2, 137.8 (olefinic CH), 130.1, 136.8 (quat. olefinic CH), 
167.2 (C=O, ester); v,( (nujol)/cm 1 1725 (CO 3 ester). 
1-Bromo-2-(ethenyl)cyclopentene 282 
Under a nitrogen atmosphere n-butyllithium (2.6 M, 16.53 cm 3 solution in 
hexanes, 34.4 mmol) was added dropwise at 0 °C to a suspension of methyl 
triphenyiphosphonium bromide (12.31 g, 34.5 mmol) in dry ether (100 cm 3). The 
reaction was stiired for 1 h at 0 °C to generate the ylid. To this was added dropwise a 
solution of 1-bromo-2-formylcyclopentene 268 (6 g, 34.5 nimol) in dry ether (10 cm), 
the reaction was stirred for 1 hour at 0 °C, then 2 h at room temperature. The reaction 
was hydrolysed with ammonium chloride solution (10 % w/v, 150 cm. 3) and stirred for a 
further 15 mm. An organic layer separated and was removed, the aqueous layer was 
extracted with ether (2 x 150 cm 3). The combined organic layers were washed with 
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water (2 x 100 cm. 3) and dried. The organic layers were concentrated in vacuo to give a 
brown oil. Flash chromatography (silica, hexane 100 %) gave a colourless oil 1-bromo-
2-(ethenyl)cyclopentene 282 (2.4 g, 41 %); (Found (M+1) 79Br 172.9966 "Br 
174.994 1. 79BrC7H 1 0 requires (M+1), 172.9966, 81BrC71110 requires (M+1) +, 174.9946); 
8H (250 MHz, CDC13) 1.65-1.77 (m, 2 H, CH2), 2.23-2.29 (m, 2 H, C112), 2.58-2.64 (m, 
2 H, CE!2), 5.28 (dd, 2 H, CH2 J 17.5, 11.0), 6.88 (dd, 1 H, CH J 17.5, 11.0); 5c (62.9 
MHz, CDC13) 21.9 (CH2), 26.6 (CH2), 37.4 (CH), 114.7 (olefinic CH 2), 124.9, 132.1 
(quat.olefinic carbons), 136.9 (olefinic CH); m / z (FAB) 175 (81Br (M+1), 20 %) 173 
(79Br (M+1), 20 %), 115 (15), 95 (32), 81(20), 79 (17), 55 (100). 
(E)71-Bromo-(2-methylprop-1-enyl)cyclopentene and (Z)-1-Bromo-(2-methylprop-
1-enyl)cyclopentene 288 
Under a nitrogen atmosphere n-butyllithium (2.05 M, 16.82 cm3 solutuion in 
hexanes, 34.48 mmol) was added dropwise to a suspension of ethyl 
triphenylphosphonium bromide (12.80 g, 34.48 mmol) in dry ether (100 cm 3). The 
reaction was stirred for 1 h at 0 °C to generate the ylid. A solution of 1-bromo-2-
formylcyclopentene 268 (6 g, 34.48 mmol) in dry ether (10 cm 3)  was added dropwise 
and the reaction was stirred for 1 h at 0 °C, then 4 h at room temperature. The reaction 
was hydrolysed with ammonium chloride solution (10 % w/v, 150 cm 3) and an organic 
layer separated. The aqueous layer was extracted with ether (2 x 100 cm 3). The 
combined organic layers were washed with water (2 x 100 cm) then dried and 
concentrated in vacuo to give a yellow oil. Flash chromatography (silica, hexane 100 
%) gave a mixture of inseparable isomers ratio 1:1 (E)- 1 -bromo-(2-methylprop- 1 -en-2- 
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yl)cyclopentene and (Z)-1-bromo-(2-prop-1-en-2-yl)cyclopentene 288 (3.52 g, 55 
(Found (M+1)+, 79Br 186.004 1, 81Br 188.002 
1, 79BrC8H requires (M+1), 186.0044, 
81BrC8H 11 requires (M+1), 186.0025); SH (250 MHz, CDC13) 1.84 (d, 3 H, CH3 J 6.6), 
1.87-2.05 (m, 2 H, CH2), 2.38-2.46 (m, 2 H, CH2), 2.63-2.74 (m, 2 H, CH2), 5.53-5.80 
(m, 1 H, CH), 6.11 (dd, 1 H, CH  15.4, 11.0); öc (62.9 MHz, CDC13) 14.2, 16.4 (Cl-I 3), 
21.4, 22.3 (CH2), 33.5, 36.4 (CH2), 39.0, 40.1 (CH2), 124.4, 125.6, 136.5, 136.7 
(olefimc OH), 136.3, 137.8 (quat. olefimc CH); m /z (FAB) 188 (81Br (M4), 42 %), 186 
(79Br (M), 43 %), 145 (52), 115 (67), 81(49), 79 (51), 55 (100), 41(78). 
1-Bromo-2-(2-methylprop-1-en-2-yl)cyclopentene 294 
Under a nitrogen atmosphere potassium tert-butoxide (3.86 g, 34.48 mmol) in dry 
THY (10 cm) was added dropwise to a suspension of isopropyl triphenyiphosphonium 
iodide (14.9 g, 34.48 mmol) in dry THF (100 cm3) at 0 °C. The reaction was stirred at 0 
°C for I h to generate the ylid. To this was added dropwise a solution of 1-bromo-
formylcyclopentene 268 (6 g, 34.48 mmol) in dry THF and the reaction was stirred at 
room temperature for 4 h. The reaction was hydrolysed with ammonium chloride (10 % 
w/v, 150 cm3) and an organic layer separated. The aqueous layer was extracted with 
ether (2 x 100 cm 3) and the combined organic layers were washed with water (100 cm) 
then dried and concentrated in vacuo to give a brown oil. Flash chromatography (silica, 
deactivated brockmann grade 3, hexane 100 %), gave a colourless oil 1-bromo-2-(2-
methylprop-1-enyl)cyclopentene 294 (4.1 g, 59 %); (Found: "Br 200.0210, "Br 
202.0177, 79BrC9H13 requires (M+1), 200.0201, 81 BrC9H 1 3 requires (M+1), 202.0181); 
8H (250 MHz, ODd 3 ) 1.80 (s, 3 H, Cl-I 3), 1.82 (s, 3 H, CH3), 1.90-2.01 (m, 2 H, CH 2), 
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2.57-2.66 (m, 4 H, CH2), 5.95 (s, 1 H, olefinic CH); 8 c (62.9 MHz, CDC13 ) 19.7 (CH3), 
22.3 (CH2), 27.6 (CH3), 34.2 (CH2), 39.4 (CH2), 120.1 (olefmic CH), 118.8, 136.7, 
137.4 (quat. olefimc carbons); m /z (FAB) 203 (8tBr (M+1), 49 %) 201 (79Br (M+1), 
50 %), 146 (76), 122 (54), 81(87), 79 (94), 57 (100). 
(E)-1-Bromo-24phenylethenyl)cyclohexene and (Z)-1-bromo-2-
(phenylethenyl)cyclohexene 308 
Under a nitrogen atmosphere n-butyllithium (1.6 M, 19.9 cm  solution in hexanes, 
31.98 rnmol) was added dropwise to a stirred suspension of benzyl 
triphenylphosphonium bromide (13.96 g, 21.38 mmol) in dry ether (100 cm) at 0 °C. 
The reaction was stirred for 1 h at 0 °C to generate the ylid. To this was added dropwise 
a solution of 1-bromo-2-formylcyclohexene 268 (6 g, 21.28 mmol) in dry ether (10 cm 3) 
and the reaction was stirred for 1 h at 0 °C , then 2 h at room temperature. The reaction 
was then hydrolysed with ammonium chloride solution (10 % w/v, 150 cm 3) and an 
organic layer separated, the aqueous layer was extracted with ether (2 x 100 cm) and 
the combined organic layers were washed with water (100 cm 3) and dried. The organic 
phase was then concentrated in vacuo to give a white solid. Flash chromatography 
(silica, hexane 100 %) gave a viscous oil a mixture of inseparable isomers (2) and (K)-
1-bromo-2-(phenylethenyl)cyclohexene 308 (6.21 g, 74 %); 8H (250 MHz, CDCI 3) 1.67-
1.83 (m, 4 H, CH2), 2.39-2.70 (m, 4 H, CH2), 6.23 (d, 1 H, CH J 12), 6.46 (d, 1 H, CH J 
12), 6.68 (d, 1 H, CH J 16.5), 7.35 (m, 6 H, olefinic and aromatic CH); öc  (62.9 MHz, 
CDC13) 21.2, 21.5, 23.6, 26.4, 26.5, 29.2, 35.5, 36.9 (CH2), 121.7, 125.1, 125.7, 126.3, 
127.3, 127.6, 127.8, 128.5, 129.2, 130.6 (olefinic and aromatic CH), 131.2, 133.6, 136.7 
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(quat. olefimc and aromatic carbons); m / z (FAB) 265 (81Br (M+1), 91 %), 263 ( 7913r 
(M+1), 91 %), 166 (27), 165 (35), 141 (100), 115 (68), 77 (23). 
(E),(E)-2-Bromo-3,5-diphenylpenta-24-diene 317 
Under an atmosphere of nitrogen n-butyllithium (2.05 M, 3.70 cm 3 solution in 
hexanes, 7.59 mmol) was added dropwise to a suspension of benzyl 
triphenyiphosphonium bromide (3.28 g, 7.59 mmol) in dry ether (50 cm') at 0 °C. The 
suspension was stirred for 1 h at 0 °C to generate the ylid. To this a solution of (Z)-2-
bromo-3-phenylbut-2-enal 315 (1.7 g, 7.59 mmol) in dry ether (5 cm 3)  was added and 
the reaction was stirred at room temperature for 4 h. The reaction was hydrolysed using 
ammonium chloride solution (10 % w/v, 50 cm 3) and an organic layer separated. This 
was removed and the aqueous layer was extract with ether (2 x 100 cm 3 ). The combined 
organic layers were washed with water (100 cm) then dried and concentrated in vacuo 
to give a colourless oil. Flash chromatography (silica, hexane 100 %) gave a colourless 
oil which solidified on standing. Recrystallisation gave white solid (E),(E)-2-bromo-
3,5-diphenylpenta-2,4-diene 317 (1.61 g, 71 %), mp 52-54 °C (pentane) lit. 97 , 53-55 °C; 
SH (250 MHz, CDC13) 2.24 (s, 3 H, CH3), 6.03 (d, 1 H, olefinic CH J 16), 7.06-7.47 (m, 
10 H, aromatic CH), 7.55 (d, I H, olefimc CH J 16); 6c  (62.9 MHz, CDC13) 27.2 (CH3), 
126.6, 127.4, 127.6, 128.4, 128.5, 129.5, 130.5, 134.2 (olefimc and aromatic CH), 
123.3, 137.1, 138.0, 138.9 (quat. olefinic and aromatic carbons); m/z (FAB) 300 (8  'Br
(M), 34 %),298 (7913r (M), 34), 220 (24), 202 (85), 141 (37), 115 (100). 
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(E,E-2-Bromo-3-phenyl-5-(p-toIyflpenta-2,4-diene 331 
Under a nitrogen atmosphere n-butyllithium (1.6 M, 8.37 cm 3 solution in hexanes, 
13.39 mmol) was added dropwise to a stirred suspension of 4-methylbenzyl 
triphenyiphosphonium chloride (5.39 g, 13.39 mmol) in dry ether (50 cm') at 0 °C. The 
reaction was stirred for 1 h at 0 °C to generate the ylid. To this was added a solution of 
(Z)-2-bromo-3-phenylbut-2-enal 315 (3 g, 13.39 mmol) in dry ether (10 cm') and the 
reaction was stirred for 1 h at 0 °C, then 3 h at room temperature. The reaction was 
hydrolysed with ammonium chloride solution (10 % w/v, 150 cm 3) and an organic layer 
spearated. The aqueous layer was extracted with ether (2 x 100 cm 3 ) and the combined 
organic layers were washed with water (100 cm 3), dried and concentrated in vacuo to 
give a brown oil. Flash chromatography (silica, hexane 100 %) gave a colourless oil 
which on distillation gave (E),(L)-2-bromo-3-phenyl-5-(p-tolyl)penta-2,4-diene 331 
(2.49 g, 59 %), bp 240 °C I 1 mmHg; (Found: (M+1), 79Br 312.0516, 81Br 314.0486, 
79BrCI8HI7 requires (M+1), 312.0514, 81BrC18H17 requires (M+1), 314.0486); 8H (250 
MHz, CDC13) 2.24 (s, 3 H, CH3), 2.33 (s, 3 H, CH3), 6.01 (d, I H, CH  16.0),7.09-7.47 
(m, 9 H, aromatic CH), 7.51 (d, 1 H, CH J 16.0); 6c  (62.9 MHz, CDC13) 21.1 (CH3), 
27.2 (CH3), 126.5, 127.3, 128.3, 129.1, 129.4, 129.5, 134.1 (olefimc and aromatic CH), 
122.6, 134.3, 137.5, 138.1, 138.9 (quat. olefimc and aromatic carbons); m/ z  314 (8  'Br
(Md), 58%), 312 (79Br (Md),  58 %), 265 (59), 233 (100), 115 (30), 105 (28), 91(90); 




Under a nitrogen atmosphere n-butyllithium (1.6 M, 16.0 cm 3 solution in hexanes, 
22.32 mmol) was added dropwise to a stirred suspension of benzyl 
triphenyiphosphonium bromide (9.64 g, 22.32 mmol) in dry ether (50 cm3) at 0 T. The 
reaction was stirred at 0 °C for 1 h to generate the ylid. To this was added a solution of 
(K)-2-bromo-3-phenylbut-2-enal 316 (5 g, 22.32 rmnol) in dry ether (10 cm 3). The 
reaction was stirred for 1 h at 0 °C, then 3 h at room temperature. The reaction was then 
hydrolysed with ammonium chloride solution (10 % w/v, 150 cm 3) and an organic layer 
separated. The aqueous layer was extracted with ether (2 x 100 cm 3) and the combined 
organic layers were washed with water (100 cm 3), dried and concentrated in vacuo to 
give a brown oil. Flash chromatography (silica, hexane 100 %) gave a colourless oil, a 
mixture inseparable isomers (E),(Z)- and (Z),(Z)-2-bromo-3,5-diphenylpenta-2,4-diene 
339 (4.2 g, 63 %); oH (250 MBz, CDC13) 2.27*  (s, 3 H, CH3), 2.73 (s, 3 H, CH3), 6.02 
(d, 1 H, CH  15.8), 6.12*  (d, 1 H, CH  11.9), 6.52*  (d, 1 H, CH  11.9), 7.18-7.51 (m, 
10 H, aromatic), 7.58 (d, 1 H, CH J 15.8); oc (62.9 MHz, CDC13) 25.2 (CH3), 27.0* 
(CH3),125.6, 126.4, 127.3, 127.5, 127.6, 127.8, 127.9, 128.1, 128.4, 128.5, 128.8, 129.3, 
129.4, 129.5, 131.3, 133.1 (olefinic and aromatic CH), 121.1, 123.9, 136.6, 136.7, 
137.1, 140.1, 140.6, 140.8 (quat. olefinic and aromatic); in /z 300 (81Br (M), 17 %), 
298 (79Br (M)F, 17 %), 203 (100), 165 (49), 115 (96), 91(55); v,( (thin film)/cm' 1590 
(diene). 
*Indicates the major isomer absorptions. 
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(E)(E)-Methyl-2-bromo-3-phenylhexa-2,4-dienoate 362 
Under a nitrogen atmosphere (Z)-2-bromo-3-phenylbut-2-enal 315 (1.85 g, 8.25 
mmol) was added to a stirred suspension of methyl 
(triphenylphosphoranoylidiene)acetate (2.76 g, 8.25 mmol) in dry toluene (50 CM).  The 
reaction was heated at reflux for 3 h then the solvent was removed in vacuo to give a 
yellow oil. Wet flah chromatography (silica, hexane 100 %) gave a yellow solid (E),(E)-
methyl-2-bromo-3-phenylhexa-2,4-dienoate 362 (1.98 g, 83 %), mp 56-57 °C (hexane) 
lit. 13,  56-57°C; SH (199.97 MHz, CDC13) 2.24 (s, 3 H, CH3), 3.69 (s, 3 H, OCH3), 5.38 
(d, I H, CH  15.8), 7.04-7.43 (m, 5 H, aromatic CH), 8.01 (d, 1 H, CH  15.8); 8c  (62.9 
IvliHz, CDC1 3) 27.7 (CH3), 51.4 (OCH3), 123.0, 145.2 (olefinic CH), 127.8, 12 8.6, 129.0 
(aromatic CH), 130.9, 136.6, 137.6 (quat. olefinic and aromatic carbons), 167.1 (C=O, 
ester); m /z (FAB) 283 (81 Br (M+1), 100 %), 281 ( 79Br (M+1), 100 %), 251 (58), 141 
(31), 115 (55); (nujol)/cm' 1730 (C=O, ester). 
(E)-2-Bromostilbene 366 
Sodium metal (0.69 g, 30 mmol) was dissolved in super dry ethanol (50 cm) 
under a nitrogen atmosphere. This was added dropwise over a period of 30 min to 
benzyl triphenyiphosphonium bromide (11.77 g, 27.17 mmol). The reaction was stirred 
for 1 h at room temperature to generate the ylid. Then a solution of 2-
bromobenzaldehyde 363 (5 g, 27.17 mmol) was added dropwise and the reaction was 
stiired overnight at room temperature. The reaction was hydrolysed with ammonium 
chloride solution (10 % w/v, 150 cm 3 ) and an organic layer separated. The aqueous 
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layer was extracted with DCM (2 x 100 cm 3) and the combined organic layers were 
washed with water (100 cm 3), dried and concentrated in vacuo to give a viscous oil. 
Flash chromatography (silica, hexane 100 %) gave a colourless oil as a mixture of (E) 
and (Z) isomers. 
The mixture of (E) and (Z) isomers was dissolved in n-heptane and iodine (0.2 g) 
was added and the mixture heated at reflux for 12 h. The heptane was washed with 
saturated sodium dithionate solution (2 x 50 cm) to give a clear solution. The organic 
layer was dried and concentrated in vacuo. Distillation gave (E)-2-bromostilbene 364 
(4.8 g, 69 %), bp 160 °C / 1 mmHg lit. 97, 145 °C / 0.55 mmHg; 8c (199.75 MHz, 
CDCI3) 6.93-7.71 (m, 11 H, olefinic and aromatic CH). 
(E) Ethyl-3-(2-bromophenyl)prop-2-enoate 365 
Triethyl phosphonoacetate (6.09 g, 27.17 mmol) and 2-bromobenzaldehyde 363 
(5 g, 27.17 mmol) were dissolved in dry DMF (50 cm 3). Sodium ethoxide (2.03 g, 29.9 
mmol) was added and the mixture was stirred overnight. Water (50 cm) was added and 
the mixture was extracted with DCM (2 x 100 cm 3). The combined organic layers were 
dried and concentrated in vacuo to give a yellow oil. Flash chromatography (alumina, 
hexane 100 %) gave a colourless oil wich on distillation gave (K) ethyl 3-(2-
bromophenyl)prop-2-enoate 365 (5.1 g, 74 %), bp 140 °C / I mmHg lit. 97  120 °C / 0.05 
mmHg; 8H  (199.97 MHz, CDC13) 1.33 (t, 3H, CH3 J 7.1), 4.29 (q, 2 H, OCR2 J 7. 1), 
6.41 (d, 1 H, CH J 15.7), 7.16-7.61 (m, 4 H, aromatic CH), 8.00 (d, I H, CH J 15.7); 8c  
(50.3 MF{z, CDC1 3 ) 12.9 (CH3), 59.3 ()CH2), 119.7, 126.4, 129.8, 132.1, 141.5 (olefinic 
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and aromatic CH), 123.9, 133.1 (quat. aromatic carbons), 165.0 (CO 3 ester); v (thin 
film)/cm-1 1720 (C=O, ester). 
Boronic acid 
2-Formyiphenylboronic acid 265 
This product is commercially available and was purchased from Lancaster, or was 
prepared by the following synthetic scheme. 
Under a nitrogen atmosphere, 2-bromobenzaldehyde 271 (30 g, 0.163 mol), 
ethylene glycol (40.4 g, 0.652 mol) were added to dry toluene (150 cm 3) and a catalytic 
amount of toluene sulphomc acid (0.5 g) was added. The reaction was fitted with a 
Dean Stark trap and heated at reflux for 12 h. The solvent was removed in vacuo to give 
a colourless oil which on distillation gave the dioxalane protected aldehyde 272 (34.7 g, 
94 %), bp 150 °C / 1 mmHg; SH (250 MHz, CDCI3) 4.01-4.18 (m, 4 H, C11 2), 6.09 (s, 1 
H, CH), 7.17-7.61 (m, 4 H, aromatic CH); 8c (62.9 MHz, CDCI 3) 65.2 (CH2), 102.4 
(CH), 127.6, 128.1, 130.4, 132.7 (aromatic CH), 122.7, 136.4 (quat. aromatic carbons). 
Under a nitrogen atmosphere, dioxalane protected aldehyde 272 (10 g, 43.8 
mmol) in dry THY (20 cm 3)  was added dropwise to a stirred suspension of magnesium 
(1.05 g, 43.8 mmol). The reaction was heated gently to initiate the formation of the 
Grignard reagent, then stirred at room temperature for 30 min to ensure complete 
conversion. The reaction was cooled to —78 °C and trimethylborate (9.11 g, 87.6 mmol) 
was added dropwise ensuring the temperature did not exceed —70 T. The reaction was 
stirred for 1 h at —78 °C, then allowed to warm to room temperature and stirred for a 
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further 12 h. The contents were then acidified with hydrochloric acid (10 % w/v, 100 
cm3) and stirred for 1 h. An organic layer separated and was removed and the aqueous 
layer was extracted with DCM (2 x 100). The combined solvent extracted were dried 
and concentrated in vacuo to give a yellow solid. Recrystallisation gave 2-
formylphenylboromc acid 265 (4.35 g, 66 %), mp 119-121 °C lit. 81,  118-120. 
Triene conjugated aldehydes 
(E)-2-[2-(2-Phenylethenyl)cyclopentenyll benzaldehyde 273 
Using the method of Suzuki .55,  under a nitrogen atmosphere in the dark, (E)-1-
bromo-(2-phenylethenyl)cyclopentene 269 (0.82 g, 3.3 mmol) and tetrakis 
triphenyiphosphine palladium (0) (0.115, 0.099 mmol, 3 % mol catalyst) were dissolved 
in DUE (20 cm3). The reaction was stirred for 1 h at room temperature. Then sodium 
carbonate (0.36 g, 3.5 mmol), 2-formyiphenylboronic acid 265 (0.5 g, 3.3 mmol) and 
water (20 cm) were added and the reaction was heated at reflux for 1 h, then cooled to 
room temperature. The solvent was removed in vacuo and water (30 cm) was added. 
The aqueous layer was extracted with DCM (3 x 50 cm 3 ) and the combined organic 
layers were dried then passed through a pad of alumina. The solvent was removed in 
vacuo to give a yellow solid. Recrystallisation gave (E)-2-[2-(2-
phenylethenyl)cyclopentenyl]benzaldehyde 273 (0.89 g, 91 %), mp 102-103 °C 
(hexane) (Found: C, 87.7 ; H, 6.6 %. C 1 8H200 requires C, 87.6 ; H, 6.6 %); Si-i (250 
MHz, CDC13 ) 2.04-2.19 (m, 2 H, CH2), 2.81-2.91 (m, 4 H, CH2), 6.57 (d, 1 H, CH J 
16), 6.59 (d, 1 H, CH  16), 7.11-8.02 (m, 9 H, aromatic CH), 10.02 (s, I H, CHO); Sc 
200 
(62.9 MHz, CDC1 3) 22.4 (CH2), 33.3 (CH), 40.8 (CH2), 122.7, 126.3, 127.4, 127.5, 
127.6, 128.4, 129.7, 131.4, 133.7 (olefinic and aromatic CH), 134.1, 137.2, 138.1, 
140.8, 142.3 (quat. olefinic and aromatic carbons), 192.1 (CHO); v (nujol)/cm 1 
1690 (CHO). 
(E),(E)-2-(1-Methyl-24-diphenylbuta-1 ,3-dienyflbenza)dehyde 318 
Under a nitrogen atmosphere in the dark, (E),(E)-2-bromo-3,5-diphenylpenta-2,4-
diene 317 (0.5 g, 3.3 mmol) and tetrakistriphenyiphosphine palladium (0) (0.229 g, 
0.194 mmol, 3 % mol catalyst) were dissolved in DME (20 cm 3). The reaction was 
stiffed for 1 h at room temperature. To this was added sodium carbonate (0.38 g, 3.3 
mmol), 2-formyiphenylboronic acid 265 (0.5 g, 3.3 mmol) and water (20 cm 3). The 
reaction was heated at reflux for 3 h then cooled to room temperature. The solvent was 
removed in vacuo and water (30 cm) was added. The aqueous layer was extracted with 
DCM (3 x 50 CM),  the combined organic layers were dried then passed through a pad 
of alumina and concentrated in vacuo to give a yellow oil which solidified on standing. 
Recrystallisation gave (K), (E)-2-( 1 -methyl-2,4-diphenylbuta- 1 ,3-dienyl)benzaldehyde 
318 (0.89 g, 82 %), mp 61-62 °C (hexane) (Found: C, 88.3 ; H, 6.1 %; M, 324.1523. 
C24H200 requires C, 88.5; H, 6.2 %; M, 324.1514); 8H  (250 MFIz, CDC13) 1.96 (s, 3 H, 
Cl3), 5.96 (d, 1 H, CH J 15.9), 6.60 (d, I H, CH J 15.9), 6.99-8.05 (m, 14 H, aromatic 
CH), 10.24 (s, 1 H, CHO); oc (62.9 MHz, CDC13) 24.1 (CH3), 126.0, 126.8, 127.0, 
127.4, 127.6, 128.0, 128.1, 128.3, 129.4, 129.6, 132.0, 133.9 (olefinic and aromatic 
CH), 133.4, 133.5, 136.9, 138.6, 140.1, 146.8 (quat. olefinic and aromatic carbons), 
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191.5 (CHO); m/z(FAB) 324 (M, 47%), 229 (29), 202 (71), 178 (41), 115 (100), 102 
(26); v,( (nujol)/cm' 1690 (CHO). 
(E),(Z)-2-(1-Methyl-2,4-diphenylbuta-1.3-dienyflbenzaldehyde and (Z),(Z)-241-
methyl-2 , 4-diphenylbuta-1 ,3-dienyl)benzaldehyde 340 
Under a nitrogen atmosphere in the dark, a mixture of (Z),(E) and (Z),(Z)-2- 
bromo-3,5-diphenylpenta-2,4-diene 339 (1.97 	g, 6.62 	mmol) 	and 
tetrakistriphenyiphosphine palladium (0) (0.229 g, 0.198 mmol, 3 % catalyst) were 
added to DMIE (20 cm3). The reaction was stirred for 1 h at room temperature. To this 
was added sodium carbonate (0.70 g, 6.62 mmol), 2-formyiphenylboronic acid 265 (1 g, 
6.62 mmol) and water (20 cm 3). The reaction was heated at reflux for 4 h then cooled to 
room temperature. The solvents were removed in vacuo and water (30 cm) was added. 
The aqueous layer was extracted with DCM (3 x 50 cm 3) and the combined organic 
layers were dried then passed through a pad of alumina. The solvent was removed in 
vacuo to give a yellow oil. Medium pressure liquid chromatography (silica, hexane-
ether 90:10) gave a yellow oil (E),(Z)- and (Z),(Z)-2-(1-methyl-2,4-diphenylbuta-1,3-
enyl)benzaldehyde 340 (1.27 g, 59 %), bp 250 °C / 1 mmHg (Found: M, 324.1507. 
C24H200 requires M, 324.1514); 6H  (250 MHz, CDC13) 6H  (250 MHz, CDC13) 1.94 (s, 
3 H, CH3), 6.02 (d, I H, CH  15.9), 6.14 (d, 1 H, CH  11.2), 6.51 (d, 1 H, CH  11.2), 
7.11-7.51 (m, 14 H, aromatic CH), 7.60 (d, 1 H, CH J 15.9) 10.23 (s, 1 H, CHO); 6c 
(62.9 MHz, CDC13) 19.2, 19.6 (CH3),125.3, 125.5, 125.9, 126.4, 126.4, 127.3, 127.4, 
127.5, 127.6, 127.8, 128.0, 128.1, 128.2, 128.3, 128.4, 128.5, 128.8, 129.3, 129.4, 131.3 
131.4 (olefinic and aromatic CH), 132.1, 133.9, 135.9, 136.4, 136.5, 136.6, 137.2, 
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13 7.8, 140.0, 140.1 (quaternary olefimc and aromatic carbons), 191.4 (CHO); m/z 324 
(M, 56 %), 309 (27), 229 (60), 165 (45), 115 (58), 91(100), 77 (11); v,, (thin 
film)/cm-1 1690 (CHO). 
2-12-(Ethenyl)cyclopentenyll benzaldehyde 283 
Under a nitrogen atmosphere in the dark, 1-bromo-2-(ethenyl)cyclopentene 282 
(1.05 g, 6.1 rmnol) and tetrakistriphenyiphosphine palladium (0) (0.211 g, 0.18 mmol, 3 
% mol catalyst) were dissolved in DME (20 cm 3). The reaction was stirred at room 
temperature for 1 h. To this was added sodium carbonate (0.62 g, 6.1 mmol), 2-
formyiphenylboronic acid 265 (0.92 g, 6.1 mmol) and water (20 cm 3). The reaction was 
heated at reflux for 3 h then cooled to room temperature. The solvents were removed in 
vacuo and water (30 cm) was added. The aqueous layer was extracted with DCM (3 x 
50 cm3) and the combined organic layers were dried then passed through a pad of 
alumina. The solvent was removed in vacuo to give a yellow oil. Distillation gave 2-[2-
(ethenyl)cyclopentenyl]benzaldehyde 283 (0.75 g, 62 %), bp 210 °C / 1 mmHg (Found: 
C, 84.5; H, 7.2 %; M, 198.1054. C 4H40 requires C, 84.8; H, 7.1 %; M, 198.1044); 
8H (250 MHz, CDC13) 2.05 (quintet, 2 H, CH 2 J 6.5), 2.71 (t, 2 H, CH2 J 6.5), 2.82 (t, 2 
H, CH2 J6.5), 5.10 (d, 1 H, CH2  1 10. 3),  5.20 (d, 1 H, CH J 17.4), 6.13 (dd, 1H, CH, J 
17.4, 10.3), 7.23-7.96 (m, 4 H, aromatic CH), 9.94 (s, 1 H, CHO); 8 c (62.9 MHz, 
CDCI3) 22.1 (CH2), 32.7 (CH2), 40.6 (CH2), 116.4 (CH2), 127.3, 127.4, 129.5, 130.8, 
133.6 (olefinic and aromatic CH), 133.9, 137.4, 141.1, 142.2 (quat. olefinic and 
aromatic carbons), 192.1 (CHO); in / z (FAB) 198 (M, 6 %), 167 (18), 115 (24), 95 




Under a nitrogen atmosphere in the dark, a mixture of (2)- and (E)-(2-
phenylethenyl)cyclohexene 308 (1.73 g, 6.62 mmol) and tetrakistriphenylphosphine 
palladium (0) (0.229 g, 0.194 mmol, 3 % mol catalyst) were dissolved in DME (20 
cm3). The reaction was stirred for 1 hour at room temperature. To this was added 
sodium carbonate (0.74 g, 7 mmol), 2-formylphenylboromc acid 265 (1 g, 6.62 mmol) 
and water (20 cm 3). The reaction was heated at reflux overnight then cooled and the 
solvents were removed in vacuo. Water (30 cm 3)  was added and the aqueous layer was 
extracted with DCM (3 x 50 cm 3). The combined organic layers were dried then passed 
through a pad of alumina then concentrated in vacuo to give a yellow oil. Distillation 
gave an inseparable mixture of isomers (K)- and (Z)-2-[2-(2-
phenylethenylcyclohexenyl)benzaldehyde 309 (1.31 g, 69 %), bp 240 °C / 1 mmHg 
(found: M, 288.1513. C21H200 requires M, 288.1514); 8H  250 MHz, CDC1 3) 1.70-1.90 
(m, 4 H, C112), 2. 16-2.55 (m, 4 H, CH2), 5.81 (d, 1 H, CH J 12.2), 6.09 (d, 1 H, CH J 
12.2), 6.49*  (d, 1 H, CH J 16.2), 6.52*  (d, 1 H, CH  16.2), 6.98-8.03 (m, 9 H, aromatic 
CH), 10.02*  (CHO), 10.04 (CHO); 8c  (62.9 MIHz, CDC13) 22.5, 22.6, 22.7, 25.1, 28.6, 
31.4, 33.5, 34.7 (CH2), 126.2, 126.8, 127.0, 127.1, 127.3, 127.8, 128.3, 128.4, 129.2, 
129.7, 129.9, 130.6, 133.9, 134.8 (olefinic and aromatic CH), 133.1, 133.6, 137.4, 
137.8, 147.4, 147.8 (quat. olefimc and aromatic carbons), 192.1 k , 192.2 (CHO); m / z 
288 (FAB) (M, 28 %), 271 (35), 197 (45), 105 (35), 91(100); v (thin film)/cm' 
1690 (CR0). 
* Indicates the major isomer absorptions 
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(E)-2-1242-Carbomethoxyethenvl)cvclopentenvll benzaldehyde 300 
Under 	a 	nitrogen 	atmosphere 	in 	the 	dark, 	(E)-1-bromo-2- 
(carbomethoxyethenyl)cyclopentene 299 (0.76 g, 3.3 mmol) and 
tetrakistnphenylphospine palladium (0) (0.115 g, 0.099 mmol, 3 % mol catalyst) were 
dissolved in DME (20 cm3). The reaction was stirred for 1 h at room temperature. To 
this was added sodium carbonate (0.34 g, 3.3 mmol), 2-formyiphenylboronic acid 265 
(0.5 g, 3.3 mmol) and water (20 cm 3). The reaction was heated at reflux for 12 h the 
cooled to room temperature and the solvents were removed in vacuo. Water (30 cm) 
was added and the aqueous layer was extracted with DCM (3 x 50 cm 3) and the 
combined orgamic layers were dried then passed through a pad of alumina. The solvents 
were removed in vacuo to give a yellow solid. Recrystallisation gave (E)-2-[2-(2-
carbomethoxyethenyl) cyclopentenyl]benzaldehyde 300 (0.47 g, 56 %), mp 131-132 °C 
(hexane-ethanol) (Found: HRMS (M+l), 257.1170. C 16H1703 requires (M+1), 
257.1177); 8H  (250 MHz, CDC13) 2.05 (quintet, 2 H, CH2 J 7.2), 2.67 (t, 2 H, CH2 J 
7.2), 2.79 (t, 2 H, CH2 J 7.2), 3.60 (s, 3 H, OCH 3), 5.82 (d, 1 H, CH J 15.8), 7.01 (d, I 
H, CH J 15.8), 7.06-7.96 (m, 4 H, aromatic CH), 9.89 (s, 1 H, CHO); 6c  (62.9 MHz, 
CDC13) 22.2 (CH2), 32.8 (CH2), 41.5 (CH2), 51.4 (OCH3), 119.8, 137.9 (olefinic CH), 
128.1, 128.6, 129.6, 133.8 (aromatic CH), 134.7, 137.9, 140.5, 147.6 (quat. olefinic and 
aromatic carbons), 167.3 (C=O, ester), 191.2 (CHO); m / z (FAB) 257 ((M+1) 22 5), 
225 (49), 147 (44), 73 (100), 43 (63); v (nujol)/cm' 1730 (C=O, ester), 1690 (CHO). 
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(E)-2-12-(Prop-1-enyl)cyclopentenyll benzaldehyde and (4-2424prop-1-
eny0cyciopentenyflbenzaldehyde 289 
Under a nitrogen atmosphere in the dark, a mixture of (K)- and (Z)-1-bromo-(2-  
prop- 1-enyl)cyclopentene 288 (1.23 g, 6.62 mmol) and tetrakistriphenyiphosphine 
palladium (0) (0.229 g, 0.198 mmol, 3 % mol catalyst) were added to DME (20 cm'). 
The reaction was stirred for 1 h at room temperature. To this was added sodium 
carbonate (0.70 g, 7 mmol), 2-formyiphenylboronic acid 265 (1 g, 6.62 mmol) and 
water (20 CM)  . The reaction was heated at reflux for 4 h the cooled to room 
temperature. The solvents were removed in vacuo and water (30 cm) was added. The 
aqueous layer was extracted with DCM (3 x 50 cm 3) and the combined organic layers 
were dried then passed through a pad of alumina. The solvent was removed in vacuo to 
give a yellow oil as a mixture of isomers which proved impossible to purify further (K)-
and (Z)-2-[2-(prop-1-enyl)cyclopentenyl]benzaldehyde 289 (0.85 g, 63 %), bp 160 °C 
dec.! 1 mmHg (Found: (M+1), 213.1065. C15H170 requires (M+1), 213.1070); 6H 
(250 MHz, CDC13) 1.66*  (d, 3 H, CH3 J 5.2), 1.73 (d, 3 H, CH3 J 7.4), 1.97-2.12 (m, 2 
H, CH2), 2.68-2.93 (m, 4 H, CH2), 5.63-5.77 (m, 1 H CH), 5.86*  (d, 1 H, CH J 15.5), 
7.23-7.97 (m, 4 H, aromatic CH), 9.94 (s, 1 H, CHO), 
995* 
 (s, 1 H, CHO); 8c (62.9 
MHz, CDC1 3) 14.8 (CH3), 18.3*  (CH3),  22.2*  (CH2), 23.2 (CH2), 33.4' (CH2), 36.8 
(CH2), 39.2 (CH2), 40.4' (CH), 124.0, 125.5, 127.1, 127.2, 128.9, 129.3, 129.5, 133.6 
(olefinic and aromatic CH), 133.8, 140.6, 140.7, 142.8, 142.9 (quat. olefinic and 
aromatic carbons), 192.2 (CHO), 192.3*  (CHO); m /z (FAB) 213 ((M+1), 15 %), 147 
(29), 91(20), 69 (91), 55 (100), 41 (87); v. (thin film)/cm 1 1690 (CHO). 
* Indicates the major isomer absorptions. 
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(E)(E)-2-[1-Methyl-2-phenyl-4-(p-tolyl)buta-1,3-enyllbenzaldehyde 332 
Under a nitrogen atmosphere in the dark, (E),(E)-2-bromo-3-phenyl-4-(p-
tolyl)penta-2,4-diene 331 (2.06 g, 6.62 nimol) and tetrakistriphenyl phosphine 
palladium (0) (0.229 g, 0.198 mmol, 3 % mol catalyst) were added to DIvIE (20 cm 3). 
The reaction was stirred for 1 h at room temperature. To this was added sodium 
carbonate (0.70 g, 7 mmol), 2-formyiphenylboronic acid 265 (1 g, 6.62 mmol) and 
water (20 cm3). The reaction was heated at reflux for 3 h then cooled to room 
temperature. The solvents were removed in vacuo and water (30 cm 3)  was added. The 
aqueous layer was extracted with DCM (3 x 50 cm 3) and the combined organic layers 
were dried then passed through a pad of alumina. The solvent was removed in vacuo to 
give a viscous yellow oil. Distillation gave (K),(ff)-2-[1-methyl-2-phenyl-4-(p-
tolyl)buta-1,3-dienyl]benzaldehyde 332 (1.81 g, 81 %), bp 245 °C / 1 mmHg (found: 
M, 338.1669. C 25H220 requires M, 338.1670); 8H  (250 MHz, CDCI3) 1.96 (s, 3 H, 
CH3), 2.24 (s, 3 H, CH3), 5.96 (d, 1 H, CH J 15.8), 6.58 (d, 1 H, CH J 15.8), 6.87-8.07 
(m, 13 H, aromatic CH), 10.25 (CHO); 8c (62.9 MHz, CDC13), 21.0 (CR 3 ), 24.3 (CH3), 
126.1, 127.0, 127.5, 127.6, 127.8, 128.3, 129.0, 129.6, 129.9, 132.2, 134.4 (olefinic and 
aromatic CH), 133.1, 133.6, 134.4, 137.1, 139.0, 140.4, 147.2 (quat. olefinic and 
aromatic carbons), 191.8 (CHO); in /z (FAB) 338 (M, 28 %), 279 (23), 205 (39), 121 
(56), 105 (100), 91(47); (thin film)/cm' 1690 (CR0). 
2-[2-(2-Methylprop-1-en-2-yflcyclopentenyll benzaldehyde 295 
Under a nitrogen atmosphere in the dark, 1-bromo-2-(2-methylprop-1-en-2-
yl)cyclopentene 294 (1.32 g, 6.62 mmol) and tetrakistriphenylphosphine palladium (0) 
(0.229 g, 0.198 mmol, 3 % mol catalyst) were added to DME (20 cm 3). The reaction 
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was stirred for 1 h at room temperature. To this was added sodium carbonate (0.7 g, 
6.62 mmol), 2-formylphenylboromc acid 265 (1 g, 6.62 mmol) and water (20 cm 3 ). The  
reaction was heated at reflux for 6 h then cooled to room temperature. The solvents 
were removed in vacuo and water (30 cm) was added. The aqueous layer was extracted 
with DCM (3 x 50 cm3) and the combined organic layers were dried then passed 
through a pad of alumina. The solvent was removed in vacuo to give a yellow oil. 
Distillation gave 2-[2-(2-methylprop- 1 -en-2-yl)cyclopentenyl]benzadehyde 295 (0.96 g, 
64 %), bp 230 °C / 0.05 mmHg (Found: C, 85.3; H, 8.0 %; (M+1), 226.1355. C164170 
requires C, 85.3; H 7.6 %; (M+1), 226.1557); 6H  (199.97 MHz, CDC13) 1.62 (s, 3 H, 
CH3), 1.65 (s, 3 H, CH3), 2.02-2.12 (m, 2 H, CH2), 2.74-2.87 (m, 4 H, CH2), 5.52 (s, 1 
H, CH), 7.23-7.93 (m, 4 H, aromatic CH), 9.92 (CHO); 6 (62.9 MHz, CDC1 3) 19.7 
(CH3), 23.3 (CH2), 27.2 (CH3), 37.0 (CH 2), 39.1 (CH2), 119.9 (olefinic CH), 126.9, 
127.0, 129.2, 133.5 (aromatic CH), 126.8, 133.7, 134.9, 136.3, 141.1 (quat. olefinic and 
aromatic carbons), 192.3 (CHO); m/z (FAB) 226 ((M+1), 100 %), 225 (40), 209 (71), 
167 (75), 115 (26), 59 (25); (thin film)/cm - ' 1700 (CHO). 
(E)-2-[2-(2-Phenylethenyl)phenyU benzaldehyde 366 
Under a nitrogen atmosphere in the dark, (E)-2-bromostilbene 364 (1.25 g, 4.84 
mmol) and tetrakistriphenyiphosphine palladium (0) (0.167 g, 0.144 mmol, 3 % mol 
catalyst) were added to DUE (20 cm 3 ). The reaction was stirred for 1 h at room 
temperature. To this was added sodium carbonate (0.51 g, 4.84 mmol), 2-
formyiphenylboronic acid 265 (0.73 g, 4.84 mmol) and water (20 cm 3). The reaction 
was heated at reflux for 12 h then cooled to room temperature. The solvents were 
removed in vacuo and water (30 cm) was added. The aqueous layer was extracted with 
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DCM (3 x 50 cm 3) and the combined organic layers were dried then passed through a 
pad of alumina. The solvent was removed in vacuo to give a yellow oil. Medium 
pressure liquid chromatography (silica, hexane-ether 90:10) followed by distillation 
gave (E)-2-[2-(2-phenylethenyl)phenyl]benzaldehyde 366 (0.96 g, 70 %), bp 250 °C I 
0.05 mmHg (Found: C, 88.8; H, 5.7 %; (M+1), 285.1276. C2 1H160 requires C, 88.7; H, 
5.7%; (M+1), 285.1279); 6H  (250 MHz, CDCI3) 6.82 (d, 1 H, CH  16.2), 7.01 (d, I H, 
CH J 16.2), 7.12-8.12 (m, 13 H, aromatic CH), 9.80 (s, 1 H, CHO); 8 c (62.9 MHz, 
CDC13) 125.3, 126.1, 126.4, 127.1, 127.2, 127.7, 128.0, 128.5, 130.8, 130.9, 131.3, 
133.4 (olefinic and aromatic CH), 134.2, 136.5, 136.9, 144.4 (quat. aromatic carbons), 
191.9 (CHO); m/z (FAB) 285 ((M+1), 13 %),284 (26), 267 (77), 179 (100), 165 (40), 
107 (65); (thin film)/cm-1 1690 (CHO). 
(E),(E)-2-(4-Carbomethoxy-1-methyl-2-phenylpenta-13-dienyl)benzaldehyde 367 
Under a nitrogen atmosphere in the dark, (E),(E)-methyl 2-bromo-3-phenylhexa-
2,4-dienoate 362 (1.85 g, 6.62 mmol) and tetrakistriphenylphosphine palladium (0) 
(0.229 g, 0.198 mmol, 3 % catalyst) were added to DUE (15 cm 3). The reaction was 
stirred for 1 h at room temperature. To this was added sodium carbonate (0.74 g, 7.62 
mmol), 2-formylphenylboronic acid 265 (1.25 g, 7.62 mmol) and water (15 cm3). The 
reaction was heated at reflux for 24 h then cooled to room temperature. The solvents 
were removed in vacuo and water (30 cm) was added. The aqueous layer was extracted 
with DCM (3 x 50 cm 3) and the combined organic layers were dried then passed 
through a pad of alumina. The solvents were removed in vacuo to give a yellow oil. 
Medium pressure liquid chromatography (silica, hexane-ether 60:40) gave a yellow 
solid which was recrystallised to give (E),(E)-2-(4-Carbonmethoxy-1-methyl-2- 
70I. 
phenylpenta-1,3-dienyl)benzaldehyde 367 (1.42 g, 69 %), mp 99-100 °C (hexane-
methanol) (Found: C, 78.0; H, 6.1 %; (M+1), 307.1338. C 20H1 803 requires C, 78.4; H, 
5.9 %; (M-i-1), 307.1334); 8H (250 MHz, CDC13) 1.96 (s, 3 H, CH3), 3.56 (s, 3 H, 
OCH3), 5.27 (d, 1 H, CH  15.5), 7.03-8.01 (m, 10 H, olefimc and aromatic CH), 10.14 
(CHO); 6c  (62.9 MHz, CDC13), 24.8 (CH3), 51.2 (OCH3), 120.8, 143.5 (olefmic CH), 
127.5, 128.2, 128.6, 129.3, 129.5, 133.4, 134.2 (aromatic CH), 129.7, 137.5, 138.3, 
143.0, 144.9 (quat. olefinic and aromatic carbons), 167.3 (C=O, ester), 191.1 (CHO); m 
/z (FAB) 306 (M, 13 %), 275 (49), 229 (32), 115 (100), 55 (30); v (nujol)/cm' 1730 
(CO3 ester), 1690 (CHO). 
(E)-2-12-(Carboethoxyethenvl)phenvll benzaldehyde 368 
Under a nitrogen atmosphere in the dark, (E) ethyl 2-bromophenylprop-1-enoate 
365 (1.39 g, 6.62 mmol) and tetrakistnphenylphosphine palladium (0) (0.229 g, 0.198 
mmol, 3 % mol catalyst) were added to DME (20 cm 3). The reaction was stirred for 1 h 
at room temperature. To this was added sodium carbonate (0.73 g, 6.9 mmol), 2-
formylphenylboromc acid 265 (1 g, 6.62 mmol) and water (20 cm 3). The reaction was 
heated at reflux for 24 h and then cooled to room temperature. The solvents were 
remove in vacuo and water (30 cm) was added. The aqueous layer was extracted with 
DCM (3 x 50 cm3) and the combined organic layers were dried then passed through a 
pad of alumina. The solvent was removed in vacuo to give a yellow oil. Medium 
pressure liquid chromatography gave a white solid which was recrystallised to give (E)-
2-[2-(carboethoxyethenyl)phenyl]benzaldehyde 368 (1.02 g, 55 %), mp 71-72 °C 
(ethanol) (Found: FIRMS (M+1), 281.1171. C18H1703 requires (M+1), 281.1177); oH 
(200.13 MJ-iz, CDC13) 1.23 (t, 3 H, CH3 J7.1), 4.12 (q, 2 H, OCR2 J7.1), 6.38 (d, 1 H, 
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CH J 16), 7.25-8.06 (m, 9 H, olefimc and aromatic CH), 9.70 (CHO); 8c  (62.9 MHz, 
CDC13) 14.0 (CH 3), 60.3 (OCH2), 120.2, 141.8 (olefinic CH), 126.4, 127.7, 128.4, 
128.6, 129.4, 131.2, 133.5 (aromatic CH), 133.6, 134.1, 138.3, 143.2 (quat. aromatic 
carbons), 166.3 (C=O, ester), 192.1 (CHO); in /z (FAB) 281 ((M+1), 11 %), 263 (25), 
235 (48), 191 (31), 179 (100), 91(28), 73 (11); v 1 (nujol)/cm 1 1730 (C=O, ester), 
1690 (CHO). 
Triene-conjugated Aldehyde Tosyihydrazones 
(E)-2-[2-(2-Phenylethenyl)cyclopentenyl)benzaldehyde tosylhydrazone 253 
In the dark, to a solution of tosyihydrazide (0.36 g, 1.93 mmol) in ethanol (10 
cm') was added (E)-2-[2-(2-phenylethenyl)cyclopentenyl]benzaldehyde 273 (0.5 g, 1.82 
mmol) in ethanol (10 CM)  . The reaction was heated at 40 °C for 1 h then cooled to 
room temperature and stirred for 12 h. The solvent was removed in vacuo to give a 
yellow oil. Medium pressure liquid chromatography (silica, hexane-ether 60:40) gave a 
white solid (E)-2-[2-(2-phenylethenyl)cyclopentenyl)benzaldehyde tosyihydrazone 253 
(0.57 g, 71 %), mp 118-120 °C (hexane-ether) (Found: C, 73.3; H, 6.3; N, 6.2 %; 
(M+1), 443.1792. C27H26N2S02 requires C, 73.3; H, 5.9; N, 6.3 %; (M+1), 443.1793); 
6H(250 MHz, CDCI 3) 1.28 (quintet, 2 H, CH 2 J6.3), 2.32 (s, 3 H, CH 3), 2.67-2.80 (m, 4 
H, CH2), 6.50 (d, 1 H, CH J 16.0), 6.52 (d, 1 H, CH J 16.0), 7.11-7.94 (m, 13 H, 
aromatic CH), 8.16 (br, 1 H, NH); &- (62.9 MHz, CDCI3) 21.4 (CH3), 22.2 (CH2), 33.0 
(CH2), 40.3 (CH2), 123.2, 126.1, 126.2, 127.2, 127.6, 128.4, 129.1, 129.5, 129.9, 130.6, 
146.8 (olefinic and aromatic CH), 130.9, 135.2, 137.3, 138.8, 139.1, 139.8, 143.8 (quat. 
olefinic and aromatic carbons); m / z (FAB) 443 ((M+1), 40 %), 393 (43), 322 (35), 
252 (74), 228 (49), 202(69), 178 (58), 115 (100). 
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(E).(E)-2-(1-Methyl-24-diphenylbuta-1,3-dienyl)benzaldehvde tosylhydrazone 258 
In the dark, to a solution of tosyihydrazide (0.42 g, 2.0 mmol) in ethanol (10 cm) 
was added (E),(E)-2-( 1 -methyl-2,4-diphenylbuta- 1 ,3-dienyl)benzaldehyde 318 (0.6 g, 
1.85 nunol) in ethanol (10 cm3). The reaction was warmed to 40 °C for 1 h, then cooled 
to room temperature and stirred for 12 h. The solvent was removed in vacuo to give a 
yellow oil. Medium pressure liquid chromatography (silica, hexane-ether 60:40) gave a 
white solid (E),(E)-2-( I -Methyl-2,4-diphenylbuta- 1 ,3-dienyl)benzaldehyde 
tosylhydrazone 258 (0.71 g, 78 %), mp 134-136 °C (hexane-ether) (Found: C, 75.3; H, 
6.0; N, 5.6 %; M, 492.1870. C31H28N2S02 requires C, 75.6; H, 5.7; N, 5.7 %; M4 , 
492.1871); SH (250 MHz, CDC13) 1.79 (s, 3 H, CH3), 2.28 (s, 3 H, CH3), 5.91 (d, 1 H, 
CH  16.0), 6.56 (d, I H, CH  16.0), 6.97-8.00 (m, 18 H, aromatic CH), 8.26 (br, 1 H, 
NH); 8c (62.9 MHz, CDC13) 21.4 (CH3), 23.8 (CH 3), 126.0, 126.3, 126.9, 127.1, 127.3, 
127.7, 128.3, 128.4, 128.8, 129.2, 129.6, 129.7, 130.4, 131.7, 146.5 (olefinic and 
aromatic CH), 130.6, 135.2, 137.3, 138.9, 139.5, 143.4, 144.0 (quat. olefinic and 
aromatic); m /z (FAB) 492 (M, 1 %), 455 (31), 345 (94), 269 (70), 257 (76), 78 (44), 
167 (67), 115 (100). 
(Z),(E)-2-(1 -Methyl-24-dipheny1buta-1,3-dieny1)benza1dehyde tosylhydrazone 260 
In the dark, to a solution of tosyihydrazide (0.84 g, 4.5 mmol) in methanol (10 
cm 3)  was added a mixture of (Z),(E)- and (Z),(Z)-2-(1-methyl-2,4-diphenylbuta-1,3-
dienyl)benzaldehyde 340 (0.98 g, 3.02 mmol) in methanol (15 cm3). The reaction was 
warmed to 40 °C for 1 h then cooled to room temperature, stirred for 12 h and the 
solvent was removed in vacuo to give a yellow oil. Medium pressure liquid 
chromatography (silica, hexane-ether 70:30) gave a white solid (Z),(E)-2-(l-Methyl-2,4- 
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diphenylbuta-1,3-dienyl)benzaldehyde tosylhydrazone 260 (0.76 g, 51 %), mp 141-142 
°C (hexane-ether) (Found: HRMS (M+ 1 ), 493.1944. C3 1 H2 9N2S02 requires (M+ 1 ), 
493.1949); 8H  (250 MHz, CDC13) 1.79 (s, 3 H, C113), 2.29 (s, 3 H, C11 3), 5.92 (d, 1 H, 
CH  15.9), 6.56 (d, 1 H, CH  15.9), 6.96-8.05 (m, 18 H, aromatic CH); 8c  (62.9 MHz, 
CDCI3) 21.4 (CH3), 23.9 (CH3), 126.1, 126.3, 127.0, 127.2, 127.3, 127.7, 128.3, 128.4, 
128.5, 129.2, 129.6, 129.7, 130.4, 131.7, 145.6 (olefimc and aromatic CH), 130.5, 
135.2, 135.3, 137.2, 138.9, 139.5, 143.4, 144.0 (quat. olefimc and aromatic carbons); m 
/z (APCi CV20) 493.2 ((M+1), 100 %). 
(E)-2-12-(Prop-1-enyl)cyctopentenyll benzaldehyde tosylhydrazone 255 
In the dark, to a solution of tosylhydrazide (0.74 g, 4.00 mmol) in ethanol (15 
cm 3) 	was 	added 	a 	mixture of (E)- and 	(Z)-2-[2-(prop-1- 
enyl)cyclopentenyl]benzaldehyde 289 (0.75 g, 3.45 mmol) in ethanol (15 cm'). The 
reaction was warmed to 40 °C for 1 h, then cooled to room temperature, stirred for 12 h 
and the solvent was removed in vacuo to give a yellow oil. Medium pressure liquid 
chromatography (silica, hexane-ether 70:30) gave a white solid (E)-2-[2-(prop-1-
enyl)cyclopentenyl]benzaldehyde tosylhydrazone 255 (0.92 g, 69 %), mp 138-139 °C 
(ethanol) (Found: C, 69.2; H, 6.4; N, 7.4 %; (M+1), 381.1648. C 22H24N2S02 requires 
C, 69.4; H, 6.4; N, 7.4 %; (M+1), 381.1636); 6- (250 MHz, CDC13) 1.57 (d, 3 H, CH3 
J6.6), 1.95 (quintet, 2 H, CH2 J7.5), 2.38 (s, 3 H, CH3), 2.42-2.62 (m, 4 H, CH2), 5.56-
5.67 (dq, 1 H, CH J 6.6), 5.73 (d, 1 H, CH J 16.6), 7.06-7.36 (m, 8 H, aromatic CH), 
7.68 (br, 1 H NH), 7.82-7.92 (m, 3 H, aromatic CH); öc (62.9 MHz, CDC13) 18.2 
(CH3), 21.4 (CH 3), 22.1 (CH2), 33.1 (CH2), 39.9 (CH), 125.8, 125.9, 127.0, 127.8, 
128.2, 128.9, 129.5, 129.9, 147.0 (olefimc and aromatic CH), 130.8, 135.4, 139.1, 
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139.2, 144.0 (quat. aromatic and olefimc carbons); m / z (FAB) 381 ((M+1), 100 %), 
380 (30), 279 (24), 225 (55), 195 (93), 167 (61), 115 (21). 
2-12-(Ethenyl)cyclopentenyllbenzaldehyde tosyihydrazonc 254 
In the dark, to a solution of tosyihydrazide (0.5 g, 2.8 mmol) in ethanol (10 cm) 
was added 2-[2-(ethenyl)cyclopentenyl]benzaldehyde 283 (0.5 g, 2.52 mmol) in ethanol 
(15 cm3). The reaction was warmed to 40 °C for 1 h then cooled to room temperature, 
stirred for 12 h and the solvent was removed in vacuo to give a yellow oil. Medium 
pressure liquid chromatography (silica, hexane-ether 60:40) gave a white solid Z-2-[2-
(ethenyl)cyclopentenyl]benzaldehyde tosyihydrazone 254 (0.6 g, 67 %), mp 83-84 °C 
(hexane) (Found: C, 69.2; H, 6.1; N, 7.5 %; (M+1), 367.1487. C2 11422N2S02 requires 
C, 68.8; H, 6.0; N, 7.6 %; (M+l), 367.1480); 6H  (250 MHz, CDC13) 1.46-1.66 (m, 2 H, 
C142), 1.95 (s, 3 H, CH3), 2.03-2.39 (m, 4 H, CH 2), 4.47 (d, 1 H, CH J 10. 7), 4.66 (d, 1 
H, CH  17.4), 5.58 (dd, 1 H, CH  17.4 & 10. 7), 6.60-7.49 (m, 8 H, aromatic CH), 7.79 
(br, 1 H, NH); & (62.9 MHz, CDC13) 21.4 (CH3), 21.9 (CH2), 32.4 (CH2), 40.0 (CR2), 
115.5 (CH2), 125.9, 127.2, 127.7, 128.7, 129.5, 129.8, 131.3, 146.8 (olefinic and 
aromatic CH), 130.9, 135.3, 138.5, 138.8, 139.4, 143.9 (quat. olefimc and aromatic 
carbons); m /z (FAB) 367 ((M+1) 99 %), 269 (68), 251 (100), 197 (68), 178 (53), 152 
(99),91 (28). 
2-[2-(2-Methylprop-1-en-2-yI)cyclopentenyl] benzaldehyde tosylhydrazone 256 
In the dark, to a solution of tosyihydrazide (0.22 g, 1.2 mmol)in ethanol (10 cm) 
was added 2-[2-(2-methylprop-1-en-2-yl)cyclopentenyl]benzaldehyde 295 (0.25 g, 1.1 
mmol) in ethanol 0 5 cm3). The reaction was stirred at 40 °C for 1 h, then cooled to 
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room temperature, then stirred for 12 h and the solvent removed in vacuo to give a 
yellow oil. Medium pressure liquid chromatography (silica, hexane-ether 70:30) gave a 
white solid 2-[2-(2-methyl-prop- 1 -en-2-yl)cyclopentenyl]benzaldehyde tosylhydrazone 
256 (0.23 g, 55 %), mp 113-115 °C (hexane-ether) (Found: C, 68.9; H, 6.8; N, 7.3 %; 
(M+1)+, 395.1779. C22H26N2S02 requires C, 69.1; H, 6.9; N, 7.3 %; (M+1) +, 395.1790); 
6H (250 MHz, CDC13) 1.68 (s, 6 H, CH3), 2.17-2.30 (m, 2 H, CU2), 3.06 (s, 3 H, C113), 
3.14-3.34 (m, 4 H, CH2), 5.11 (d, 1 H, CHJ27.4), 7.25-7.86 (m, 8 H, aromatic CH); Sc 
(62.9 MHz, CDC1 3) 25.0 (CU2), 27.1 (2 x C113), 30.6 (CH 2), 34.3 (CH2), 50.4 (CH3 ), 
77.7 (quat. olefinic carbon), 114.7 (quat. olefimc carbon), 124.0, 124.1, 124.9, 125.6, 
128.2 (aromatic CH), 129.5, 132.4, 139.5, 140.1, 141.1 (quat. olefinic and aromatic 
carbons); in /z (FAB) 395 ((M+1), 66 %), 237 (92), 209 (100), 165 (98), 141 (58), 115 
(32),77 (45),43 (41). 
(E).(E)-2-(4-Carbomethoxy-1-methyl-2-phenylpenta-1 ,3-dienyflbenzaldehyde 
tosyihydrazone 369 
In the dark, to a solution of tosylhydrazide (0.32 g, 1.72 mmol) in methanol (15 
cm') was added (E),(E)-2-(4-Carbomethoxy- 1 -methyl-2-phenylpenta- 1,3-
dienyl)benzaldehyde 367 (0.5 g, 1.63 mmol) in methanol (15 CM)  . The reaction 
mixture was warmed to 40 °C for 1 h, then cooled to room temperature, stirred for 12 h 
and the solvent was removed in vacuo to give a yellow oil. Medium pressure liquid 
chromatography (silica, hexane-ether 70:30) gave a white solid (E),(E)-2-(4-
Carbomethoxy- 1 -methyl-2-phenylpenta- 1,3 -dienyl)benzaldehyde 369 (0.63 g, 82 %), 
mp 138-140 °C (methanol) (Found: C, 68.2; H, 5.2; N, 5.7 %; (M+1), 475.1699. 
C27H25N2SO4 requires C, 68.5; H, 5.3; N, 5.9 %; (M+1), 475.16920); 8H  (250 MHz, 
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CDC13) 1.80 (s, 3 H, CH3), 2.38 (s, 3 H, CH3), 3.55 (s, 3 H, OCH3), 5.29 (d, 1 H, CH J 
15.5), 7.01-7.97 (m, 15 H, olefinic and aromatic CH), 8.32 (br, 1 H, NH); 8 (62.9 MHz, 
CDC13) 21.4 (CH3), 24.4 (CH3), 51.2 (OCH3), 120.6, 126.7, 127.4, 127.8, 127.9, 128.6, 
128.8, 129.4, 129.6, 130.4, 143.9, 145.9 (olefinic and aromatic carbons) 167.7 (C —O, 
ester); m /z (FAB) 475 ((M+1) 100 %), 324 (25), 257 (43), 229 (21), 109 (33), 91(53); 
Vmax (Nujol)/cm' 1730 (C=O, ester). 
(E)-2-12-(2-Carbomethoxyethenyl)cyclopentenyU benzaldehyde tosyihydrazone 257 
In the dark, to a solution of tosyihydrazide (0.58 g, 3.1 mmol) in methanol (10 
cm'), was added (E)-2-[2-(2-carbomethoxyethenyl)cyclopentenyl]benzaldehyde 300 
(0.75 g, 2.9 mmol) in methanol (15 cm3). The reaction was warmed to 40 °C for 1 h, 
then cooled to room temperature and stirred for 12 h and the solvent was then removed 
in vacuo to give a yellow oil. Medium pressure liquid chromatography (silica, hexane- 
ether 60:40) gave a white solid which was recrystallised to give (E)-2-[2-(2- 
carbomethoxyethenyl)cyclopentenyl]benzaldehyde tosyihydrazone 257 (0.96 g, 77 %), 
mp 153-154 °C (ethanol) (Found: C, 64.7; H, 5.8; N, 6.7 %; (M+1), 425.1541. 
C23H24N2SO4 requires C, 65.1; H, 5.7; N, 6.6 %; (M+1), 425.1535); 8H  (250 MHz, 
CDC13) 1.91-2.04 (m, 2 H, CH2), 2.36 (s, 3 H, CH 3), 2.57-2.68 (m, 4 H, CH2), 3.63 (s, 3 
H, OCH3), 5.77 (d, 1 H, CH J 15.7), 6.98-7.18 (m, 10 H, olefinic and aromatic CH), 
8.78 (br, 1 H, NH); 6c  (62.9 MHz, CDC13) 21.4 (CH 3), 21.9 (CH2), 32.4 (04 2), 40.9 
(CH2), 51.3 (OCH3), 118.9, 126.5, 127.6, 127.8, 129.0, 129.4, 129.8, 138.6, 145.9 
(olefinic and aromatic CH), 131.0, 135.3, 137.1, 137.6, 143.8, 149.5 (quat. olefinic and 
aromatic carbons), 167.5 (C—O, ester); m / z (FAB) 425 ((M+ 1) +, 19 %), 393 (28), 339 
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In the dark, to a solution of tosylhydrazide (1.59 g, 9.1 mmol) in ethanol (10 ml) 
was added (E),(E)-2-[ 1 -methyl-3-phenyl-5-(p-tolyl)buta- 1 ,3-dienyl]benzaldehyde 332 
(2.05 g, 6.06 mmol) in ethanol (20 ml). The reaction mixture was warmed to 40 °C for 1 
h, then cooled to room temperature for 12 h and the solvent was removed in vacuo to 
give a yellow oil. Medium pressure liquid chromatography (silica, hexane-ether 70:30) 
gave a white solid (E),(E)-2-[ 1 -methyl-3-phenyl-5-(p-tolyl)buta- 1,3-
dienyl]benzaldehyde tosylhydrazone 330 (2.81 g, 92 %), mp 140-141 °C (hexane-ether) 
(Found: HRMS (M+1), 507.2124. C3 2H3 1N2S02 requires (M+1), 507.1206); 8J{ (250 
MHz, CDC13) 1.80 (s, 3 H, C113), 2.26 (s, 3 H, CH 3), 2.27 (s, 3 H, CH3), 5.92 (d, I H, 
CH J 15.9), 6.56 (d, 1 H, CH J 15.9), 6.92-8.07 (m, 18 H, olefinic and aromatic CH), 
125.9, 126.1, 126.8, 127.1, 127.5, 128.0, 128.2, 128.9, 129.1, 129.4, 129.6, 131.5, 146.5 
(olefinic and aromatic CH), 130.2, 130.6, 134.5, 135.1, 136.8, 138.9, 139.5, 143.5, 
143.8 (olefimc and aromatic CH); m /z (APCi CV'35) 507.2 ((M+1), 85 %). 
(E)-2-12-(2-Carboethoxyethenyl)phenyil benzaldehyde tosyihydrazone 370 
In the dark, to a solution of tosylhydrazide (0.23 g, 1.25 mmol) in ethanol (10 
cm 3)  was added (E)-2-[2-(2-carboethoxyethenyl)phenyl]benzaldehyde 368 (0.35 g, 1.25 
mmol) in ethanol (10 cm 3 ). The reaction mixture was warmed to 40 °C for 1 h, then 
coole to room temperature for 12 h and the solvent removed in vacuo to give a white 
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solid 	which 	was 	recrystallised 	to 	give 	(E)-2-[2- 
(carboethoxyethenyl)phenyl]benzaldehyde tosyihydrazone 370 (0.31 g, 56 %), mp 181-
182 °C (ethanol); 8H  (250 MHz, CDCI3) 1.21 (t, 3 H, CH3 J 7.2), 2.39 (s, 3 H, CE!3), 
4.11 (q, 2 H, OCR2 J 7.2), 6.29 (d, 1 H, CH J 15.9), 7.06-7.98 (m, 15 H, olefinic and 
aromatic CH); Sc  (62.9 MHz, CDCI3) 14.0 (CH3), 21.5 (CR3), 60.3 (OCR2), 119.6, 
126.0, 126.4, 127.7, 128.1, 128.2, 129.5, 129.7, 130.5, 131.1, 142.0, 145.5 (olefinic and 
aromatic CH), 166.4 (CO 3 ester). 
(E)-2-12-(2-Phenylethenyl)cyclohexenyll benzaldehyde tosyihydrazone 305 
In the dark, to a solution of tosyihydrazide (1.06 g, 5.7 mmol) in methanol (10 
cm 3) was added a mixture of (Z)-and (E)-2-[2-(2-
phenylethenyl)cyclohexenyl]benzaldehyde 309 (1.1 g, 3.8 mmol) in methanol (20 CM). 
The reaction was warmed to 40 °C for 1 h, then cooled to room temperature for 12 h and 
the solvent was removed in vacuo to give a yellow oil. Medium pressure liquid 
chromatography gave a white solid a mixture of syn and anti isomers (E)-2-[2-(2-
phenylethenyl)cyclohexenyl]benzaldehyde tosylhydrazone 305 (1.02 g, 59 %), mp 117-
119 °C (hexane-ether) (Found: HRMS (M+1), 457.1938. C28H29N2SO2 requires 
(M+1), 457.1949);8H  (250 MHz, CDC13) 1.68-1.82 (m, 4 H, CR 2), 2.16, 2.29*  (s, 3 H, 
CR3), 2.33-2.42 (m, 4 H, CR 2), 6.43 (d, I H, CHJ 16.3), 6.45 (d, 1 H, CHJ 16.3), 7.06-
7.91 (m, 14 H, olefinic and aromatic CE!); öc  (62.9 MHz, CDC13) 21.4 (CH3), 22.5 
(CR2), 22.7 (CH 2), 25.0 (CR2), 34.0 (CH2), 125.9, 126.2, 126.5, 127.0, 127.7, 128.2, 
128.3, 128.9, 129.3, 129.5, 130.2, 146.6 (olefinic and aromatic CH), 130.5, 132.3, 
135.2, 137.1, 137.5, 143.6, 143.9 (quat. olefinic and aromatic carbons); m /z (APC1 
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CV35) 457.3 ((M+1), 100 %); m / z (FAB) 456 (M, 8 %), 301 (28), 272 (30), 220 
(38), 165 (73), 115 (57), 91 (100). 
* Indicates the major isomer absorptions. 
Generation and Reactions of Triene-conjugated Diazo-compounds 
Generation and Reactions of the Diazo-compound Derived from (E)-24242-
Phenylethenyl)cyclopentenyllbenzaldehyde tosylhydrazone 253 
L at 80 °C 
Using the method of Bamford and Stevens 12  In the dark under a nitrogen 
atmosphere, to an ethanolic solution of sodium ethoxide (2.5 cm3 , 0.435 M, 1.07 mmol) 
was added to a solution of (E)-2-[2-(2-phenylethenyl)cyclopentenyl]benzaldehyde 
tosylhydrazone 253 (0.5 g, 1.15 mmol) in super dry ethanol (10 cm 3). The reaction 
mixture was stirred for 1 h then the solvent was removed in vacuo to give the sodium 
salt 274, which was dried under high vacuum over phosphorous pentoxide in a 
desiccator for 12 h. The product of the reaction was not isolated at this stage. 
A solution of the dry sodium salt 274 was dissolved in dry DUE (50 cm3) and the 
reaction was heated under reflux for 3 hours. The reaction mixture was cooled to room 
temperature and filtered through a pad of celite and the solvent was removed in vacuo to 
give an orange oil, which contained two components, (tic, silica hexane-ether 80:20). 
Dry flash chromatography (silica, hexane-ether 80:20, 0:100) gave the faster running 
component 1H- 1 a,2,3,4,8b-pentahydro- 1 -phenylcyclopenta[a]cyclopropa[c]napthalene 
276 (0.142 g, 46 %), mp 106-107 °C (hexane) (Found: C, 92.6; H, 7.11 %; M, 
258.1406. C201118 requires C, 93.0; H, 7.0 %; M, 258.1408); 6-j (250 MHz, CDC1 3) 
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1. 13 (t, 1 H CHJ4.2), 1.98-2.18 (m, 2 H, C112), 2.41 (dd, 1 H, CH, J3.9, 8.0), 2.64-
2.75 (m, 4H, CH2), 2.76 (dd, 1 H, CHJ4.2, 8.0), 6.99-7.46 (m, 9 H, aromatic CH); & 
(62.9 MHz, CDC13) 22.5 (CH2), 26.2 (CH), 28.6 (CH), 31.0 (CH2), 33.3 (CH), 36.0 
(CH2), 123.8, 125.1, 125.3, 126.0, 128.1 (aromatic CH), 128.3 (2 x aromatic CH), 
130.1, 130.6, 134.7, 139.8, 143.1 (quat. aromatic and olefimc CH); m / z (El) 259 
((M+1), 40 %), 258 (Mt, 68 %), 205 (100), 168 (29), 167 (28), 116 (13), 115 (14), 91 
(9). [See appendix 1 for X ray crystal structure], and the slower running component 1H-
2,3,4,7-tetrahydro-4,7-methano- 1 2-phenylbenzo[d]cyclopenta[f] [1 ,2]dia.zocine 277 
(0.069 g, 27 %), mp 121-123 °C (hexane-ethanol) (Found: HRMS (M+1)+, 287.1542. 
C20H19N2 requires 287.1548); SH  (360 MHz, CDC1 3) 1.49-1.65 (m, 2 H, C112), 2.28-2.56 
(m, 3 H, CH2), 2.79-2.92 (m, 1 H, C11 2), 3.28 (s, 1 H, benzylic CH), 5.26 (s, 1 H, CH), 
5.71 (s, 1 H, CH), 6.80-7.27 (m, 9 H, aromatic CH); 8 c (62.9 MHz, CDC1 3) 21.0, 36.3, 
39.6 (3 x CH2), 42.5 (benzylic CH), 90.6, 98.4 (2 x CH), 126.2, 126.9, 128.0, 128.4, 
128.7, 129.7, 131.3 (aromatic CH), 132.8, 135.3, 135.8, 140.1, 141.9 (quat. olefinic and 
aromatic carbons); m /z (FAB) 287 ((M+1), 87 %), 286 (14), 258 (100), 228 (37), 189 
(50), 178 (49), 167 (55), 115 (46). [See appendix 2 for X ray crystal structure.] 
H. At Room Temperature 
The sodium salt 274 was prepared in an identical way to that above. The dried 
sodium salt 274 was dissolved in dry DME (50 cm3). The reaction was stirred at room 
temperature for 48 h, with constant monitoring for the appearance of new products (tic, 
silica hexane-ether 80:20). The reaction contents were filtered through a pad of celite 
and the filtrate was concentrated in vacuo to give an orange oil which contained two 
components. Dry flash chromatography (silica, hexane-ether 80:20-0:100) gave the 
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faster 	running 	component 	I-i a,2,3,4,8b-pentahydro- 1- 
phenylcyclopenta[a]cyclopropa[c]napthalene 276 (0.049 g, 19 %), mp 106-107 °C 
(hexane), and 1H-2,3 ,4,7-tetrahydro-4,7-methano- 1 2-phenylbenzo[d]cyclopenta[fJ 
[1,2]diazocine 277 (0.175 g, 67 %), mp 121-123 °C (hexane-ethanol), all analysis on 
both products identical in all respects to those isolated in the previous experiment. 
Thermal Decomposition of IH-2,3,47-tetrahydro-4,7-methano-12- 
phenylbenzo Idi cyclopenta [ft 11,21 diazocine 277 
A 	solution 	of 	I H-2,3 ,4,7-tetrahydro-4,7-methano- 1 2-phenylbenzo[d] 
cyclopenta[f][1,2]diazocine 277 (15 mg, 0.052mmol) in perdeutenotoluene was heated 
at 78 °C in a constant temperature bath. 1 H NMR spectroscopy showed the only product 
of the thermolysis to be 1H-la,2,3,4,8b-pentahyclro-1-
phenylcyclopenta[a]cyclopropa[c]napthalene 276, identical in all respects to that 
isolated in the previous experiment. 
Generation and Reactions of the Diazo-compound Derived from 242-
(ethenyl)cyclopentenyllbenzaldehyde tosyihydrazone 254 
To an ethanolic solution of sodium ethoxide (3 cm 3, 0.347 M, 1.04 mmol) was 
added to a solution of 2-[2-(ethenyl)cyclopentenyl]benzaldehyde tosyihydrazone 254 
(0.40 g, 1.09 mmol) in super dry ethanol (10 cm 3). The sodium salt was dried in the 
usual way. The dried sodium salt 284 was dissolved in dry DME (50 cm3). The reaction 
mixture was stirred at room temperature for 48 h, and then the contents of the reaction 
were passed through a pad of celite. The filtrate was concentrated in vacuo to give an 
orange oil. Dry flash chromatography (silica, hexane-ether 70:30) gave an orange solid, 
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which resisted all attempts at further purification 1H-2,3,4,7-tetrahydro-4,7-
methanobenzo[d]cyclopenta[f][1,2]diazocifle 286 (0.19 g, 86 %), mp 94-96 °C (Found: 
(M+1) 211.1244. C 14}{15N2 requires 211.1235); 6H (250 MHz, CDCI3) 1.75-2.01 (m, 4 
H, CH2 and CH2 on the bridge), 2.68-2.91 (m, 3 H, CH2), 3.02-3.14 (m, I H, C11 2), 5.28 
(d, 1 H, CH J 7.3), 5.66 (d, 1 H, CH J 7.9), 7.05-7.56 (m, 4 H, aromatic CH); 6t (62.9 
MHz, CDC13) 21.0 (CH2), 23.8 (CH2), 36.4 (CH 2), 39.6 (CH2), 82.7 (CH), 89.9 (CH), 
127.8, 128.3, 129.5, 131.3 (aromatic CH), 133.2, 135.5, 136.2, 140.4 (quat. oleflnic and 
aromatic carbons); m / z (FAB) 211 ((M+1), 62), 183 (22), 182 (100), 181 (57), 167 
(29), 152 (17), 115(8). 
Generation and Reactions of the Diazo-compound Derived from (E)-24242-Prop-
1-enyl)cyclopentenvllbenzaldehvde tosyihydrazone 255 
In an ethanolic solution of sodium ethoxide (2.3 cm 3 , 0.435 M, 1.00 mmol) was 
added to (E)-2-[2-(2-prop-1-enyl)cyclopentenyl]benzaldehyde tosylhydrazone 255 (0.4 
g, 1.05 mmol) in super dry ethanol (10 cm 3). The sodium salt 290 was dried in the usual 
way. The dry sodium salt 290 was dissolved in dry DUE (50 cm3). The reaction mixture 
was stirred at room temperature for 48 ii, then the reaction contents were poured 
through a pad of celite. The filtrate was concentrated in vacuo to give an orange oil. Dry 
flash chromatography (silica, hexane-ether 70:30) gave a viscous yellow oil 1H-2,3,4,7- 
tetrahydro-4,7-methano- 1 2-methylbenzo[d]cyclopenta[f] [1 ,2]diazocine 292 (0.16 g, 75 
(Found: (M+1), 225.1380. C 1 51-117N2 requires (M+1), 225.1391); &A (250 MHz, 
CDCI3) 0.91 (d, 3 H, CH3 J7.2), 1.84-2.01 (m, 2 II, CH 2), 2.32 (q, 1 Fl, CHJ7.2), 2.69- 
2.90 (m, 3 H, CH2), 3.02-3.09 (m, 1 H, C142), 4.93 (s, 1 H, CH), 5.29 (s, 1 H, CH), 7.21- 
7.49 (m, 4 H, aromatic CH); 6c (62.9 MHz, CDC13), 18.0 (CH3), 20.9 (CH2), 30.5 (CH), 
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36.2 (CH2), 39.6 (CH2), 90.1 (CH), 97.6 (CH), 127.7, 128.1, 129.3, 131.2 (aromatic 
CH), 132.9, 135.0, 135.7, 139.8 (quat. olefinic and aromatic carbons); in /z (FAB) 225 
((M+1), 35 %), 197 (25), 196 (31), 195 (68), 181 (74), 179 (74), 167 (100), 115 (49), 
91(33). 
Generation and Reactions of the Diazo-compound Derived from (E)-24242-
Carbomethoxy)cyclopentenyl] benzaldehyde tosylhydrazone 257 
In a methanolic solution of sodium methoxide (2.7 cm 3, 0.348 M, 0.94 mmol) was 
added to a solution of (E)-2-[2-(2-carbomethoxy)cyclopentenyl]benzaldehyde 
tosyihydrazone 257 (0.4 g, 0.94 mmol) in super dry methanol (10 cm 3). The sodium salt 
301 was dried in the usual way. The dry sodium salt 301 was dissolved in dry DUE (50 
cm3). The reaction mixture was stirred for 48 h at room temperature, the contents were 
then filtered through a pad of celite and the filtrate was concentrated in vacuo to give a 
yellow solid. Dry flash chromatography (silica, hexane-ethyl acetate 70:30-0:100) gave 
as the faster running component 1H-2,3,4,7-tetrahydro-4,7-methano-12-
carbomethoxybenzo[d]cyclopenta[f][1,2]diazocine 303 (0.07 g, 28 %), mp 135-137 °C 
(hexane-ethanol) (Found: HRMS (M+1), 269.1290. C 16H17N202 requires (M+l), 
269.1290); 8H  (250 MIHz, CDC13) 1.91-1.98 (m, 2 H, CH2), 2.78-2.85 (m, 3 H, CH 2), 
3.05-3.12 (m, 1 H, C112), 3.69 (s, 3 H, OCR3), 5.59 (s, 1 H, CH), 6.00 (s, 1 H, CH), 
7.25-7.57 (m, 4 H, aromatic CH); 8c  (62.9 MHz, CDC13) 21.0 (CH2), 36.4 (CH2), 39.5 
(CH2), 41.5 (CH), 52.4 (OCH3), 85.6 (CH), 92.7 (CH), 128.3, 128.8, 129.8, 131.6 
(aromatic CH), 132.8, 134.2, 137.0, 138.5 (quat. olefimc and aromatic carbons), 171.9 
(C=O, ester); m /z (FAB) 269 ((M+1), 52 %), 240 (10), 239 (22), 181 (100), 179 (21), 
178 (25), 166 (16), 165 (16) and the slower running component IH-3-carbomethoxy- 
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3a,4,5,6,10b-pentahydrobenzo[g]cyclopenta[e]indazole 304 (0.15 g, 59 %), mp 147-149 
°C (hexane-ethanol) (Found: C, 71.4; H, 6.2; N, 10.4 %; (M+1) +, 269.1286. C 1 6H16N202 
requires C, 71.6; H, 6.0; N, 10.4 %; (M+1), 269.1290); oH (360 MHz, CDC13) 1.87-
2.01 (m, 2 H, CH2), 2.35-2.47 (m, 1 H, CH2), 2.53-2.70 (m, 1 H, CH 2), 2.73-2.83 (m, 2 
H, CH2), 3.83 (s, 3 H, OC143), 4.16 (d, I H, CH  11. 1), 4.96 (dd, I H, CH  10.6, 3.3), 
6.29 (br, 1 H, NH), 7.11-7.33 (m, 4 H, aromatic CH); Sc (90.55 MHz, CDC13) 22.0 
(CH2), 30.9 (CH2), 34.4 (CH 2), 43.9 (CH), 52.1 (OCH3), 65.9 (CH), 124.1, 126.5, 128.4, 
128.9 (aromatic CH), 129.3, 131.9, 132.1, 134.6, 144.0 (quat.oleflmc and aromatic 
carbons), 170.6 (C=O, ester); m /z (FAB) 269 ((M+1), 45, %), 237 (59), 235 (57), 181 
(37), 168 (34), 167 (100), 152 (20). 
Generation and Reactions of the Diazo-compound Derived from 24242-
Methylprop-1-en-2-yflcyciopentenyllbenzaldehyde tosylhydrazone 256 
To an ethanolic solutionof sodium ethoxide (1.75 cm3 , 0.435 M, 0.73 mmol) was 
added to a solution of 2-[2-(2-methylprop-1-en-2-yl)cyclopentenyl]benzaldehyde 
tosyihydrazone 256 (0.3 g, 0.76 mmol) in super dry ethanol (10 cm 3).The sodium salt 
296 was dried in the usual way. The dry sodium salt 296 was dissolved in dry DUE (50 
cm3 ) and the reaction was stirred for 48 h at room temperature. The contents were then 
filtered through a pad of celite and the filtrate was concentrated in vacuo to give an 
orange solid. Dry flash chromatography (silica, hexane-ether 70:30) gave a pale yellow 
solid which proved impossible to recrystallise 1H-2,3 ,4,7-tetrahydro-4,7-niethano-
12,12-dimethylbenzo[d]cyclopenta[f][1,2]diazocine 298 (0.16 g, 88 %), mp 87-89 °C 
(Found: FIRMS (M+1), 239.1550. C 16H 1 8N2 requires (M+1)4, 239.1548); OH  (250 
MHz, CDC13) 0.95 (s, 3 H, Cl-I 3), 1.01 (s, 3 H, Cl-i3), 1.87-2.07 (m, 2 H, CH2), 2.72-2.97 
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(m, 3 H, CH2), 3.00-3.16 (m, 1 H, CH2), 4.80 (s, 1 H, CH), 5.14 (s, 1 H, CH), 7.16-7.57 
(m, 4 H, aromatic CH); m /z (FAB) 239 ((M+1), 100 %), 236 (30), 211 (13), 210 (92), 
195 (35), 169 (44), 165 (43),43 (70). 
Generation and Reactions of the Diazo-compound Derived from (E)-2-1242-
Phenylethenyl)cyclohexenyll benzaldehyde tosylhydrazone 305 
To a methanolic solution of sodium methoxide (2.30 cm 3 , 0.435 M 1.05 mmol) 
was added to a solution of (E)-2-[2-(2-phenylethenyl)cyclohexenyl]benzaldehyde 
tosyihydrazone 305 (0.5 g, 1.10 minol) in super dry methanol (10 cm 3). The sodium salt 
310 was dried in the usual way. The dry sodium salt 310 was dissolved in dry DME (50 
cm3). The reaction was heated at reflux for 4 h then the contents were filtered through a 
pad of celite and the filtrate was concentrated in vacuo to give a pale yellow oil. 
Medium pressure liquid chromatography (silica, hexane-ether 90:10) gave a colourless 
oil. Distillation gave 1H- I a,2,3,4,5, 1 Oa-hexahydro- 1 -phenylcyclopropa[f]phenanthrene 
313(0.17g. 59%), bp 215 °C / 1 mmHg (Found: HRMS M, 272.1531. C 21 1420 requires 
M, 252.15200; 8m (250 MHz, CDC13) 1.26 (t, 1 H, CHJ4.1),1.59-l.95 (m, 4 H, CR2), 
2.23 (dd, 1 H, CH J 4.3, 3.9), 2.31-2.60 (m, 4 H, CH2), 2.75 (dd, 1 H, CH J 4.3, 3.9), 
7.01-7.51 (m, 9 H, aromatic CH); Sc (62.9 MHz, CDC1 3) 22.5 (CH2), 22.9 (CR2), 25.1 
(CH2), 27.2 (CH), 31.5 (CH2), 32.5 (CH), 32.6 (CH), 122.5, 122.6, 125.0, 125.2, 125.8, 
128.1, 128.2 (aromatic CH), 127.8, 132.1, 133.9, 134.0, 143.2 (quat. olefinic and 
aromatic carbons); m /z (APCi CV20) 271.9 (M, 100 %). 
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Generation and Reactions of the Diazo-compund Derived from (E)(E)-2-(1-
Methyl-24-diphenylbuta-13-dienvl)benzaldehvde tosyihydrazone 258 at room 
temperature 
To an ethanolic solution of sodium ethoxide (2.25 cm 3 , 0.348 M, 0.78 mmol) was 
added to a solution of (E),(K)-2-(1-methyl-2,4-diphenylbuta-1,3-dienyl)benzaldehyde 
tosyihydrazone 258 (0.4 g, 0.81 mmol) in super dry ethanol (10 cm 3). The sodium salt 
319 was dried in the usual way. The dry sodium salt 319 was dissolved in DUE (50 
cm3) and the reaction mixture was stirred for 48 h at room temperature then the contents 
were filtered through a pad of celite and the filtrate was concentrated in vacuo to give an 
orange oil, which proved impossible to purify further, (E),(E)-2-(1-methyl-2,4-
diphenylbuta-1,3-dienyl)phenyldiazomethane 320 (0.26 g, 94 %); 6F1  (199.97 MHz, 
CDC13) 1.75 (s, 3 H, CH3), 4.91 (s, 1 H, CH), 5.88 (d, 1 H, CH  16.1 Hz), 6.63 (d, 1 H, 
CH J 16.1 Hz), 7.01-7.53 (m, 15 H aromatic CH); v (thin film)/cm ' 2090 (diazo 
group). 
Generation and Reactions of the Diazo-compound Derived from (E),(E)-241-
Methyl-24-diphenylbuta-1.3-dienyl)benzaldehyde tosyihydrazone 258 at 80 °C 
The sodium salt was prepared in an identical way to that described in the 
experiment above. The dry sodium salt 319 was dissolved in DME (50 cm') and the 
reaction mixture was stirred for 48 h at room temperature. The reaction was then heated 
at reflux for 3 h. The contents were filtered through a pad of celite and the filtrated was 
concentrated in vacuo to give a yellow oil which contained two components (tic, silica, 
hexane-ether 90:10). These were separated by medium pressure liquid chromatogaphy 
(silica, hexane-ether 90:10) to give the faster running component IH-la,7b-dihydro-3- 
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methyl-1,2-diphenylcyclopropa[a]napthalene 321 as a colourless oil as a ca 1:3 mixture 
0 	 + of cis and trans isomers (0.135 g, 54 /o), bp 250 C / 1 mm Hg (Found: HRMS M, 
308.1572. C24H20 requires M, 308.1565); oH  (250 M1-Iz, CDC1 3) 1.51' (br t, 1 H, CH  
4.2), 1.87 (s, 3 H, CH3), 2.15*  (s, 3 H, CH3), 2.54' (dd, 1 H, CHJ4.0, 8.3), 2.69 (br t, 
CH, J8.5), 2.83 (brt, CH, J9.1), 2.92*  (dd, 1 H, CHJ4.4, 8.3), 3.13 (dd, CH, J8.0, 
9.2), 7.02-5.56 (m, 14 H, aromatic CH) * indicates the major isomer absorptions; 5c 
(62.9 MHz, CDC13) 16.7 (CH3), 28.2 (CH), 32.9 (CH), 33.0 (CH), 124.7, 125.2, 125.4, 
126.1, 126.8, 126.9, 127.9, 128.2, 128.4, 129.0 (aromatic CH), 131.3, 132.5, 134.2, 
136.0, 142.1, 142.5 (quat. olefinic and aromatic carbons); m /z (FAB) 309 ((M+1), 66 
%), 308 (Mt, 54), 294 (48), 231 (97), 229 (100), 218 (23), 215 (68), 191 (24), 91 (16),' 
indicates the major isomer absorptions and as the slower running component lOb-
methyl-i ,3-diphenyl- 1,1 Ob-dihydro-pyrrolo[2, 1 -a]phthalazine 322 (0.055 g, 22 %), mp 
154-156 °C (pentane-chloroform) (Found: FIRMS (M+1), 337.1700. C241121N2 requires 
(M+i), 337.1704); S (360 MHz, CDC13) 1.70 (s, 3 H, CR3), 3.91 (d, 1 H, CH J 3.5), 
5.28 (d, 1 H, CHJ3.5), 6.69-7.75 (m, 15 H, olefinic and aromatic CH); Sc  (90.55 MHz, 
CDC13) 31.1 (CH3), 60.1 (CH), 66.0 (quat. carbon), 105.4 (CH), 124.2, 126.2, 126.5, 
127.9, 128.0, 128.1, 128.5, 128.6, 129.2, 132.9 (aromatic CH), 124.3, 131.7, 132.4, 
140.3, 146.3 (quat. olefimc and aromatic carbons); in /z (FAB) 337 ((M+1), 100), 336 
(15), 233 (16), 145 (11), 115 (12), 91(11). [See appendix 3 for X ray crystal structure]. 
Generation and Reactions of the Diazo-compound Derived from (Z),(E}-2-0-
Methyt-2 ,4-diphenylbuta-1 ,3-dienyl)benzaldehyde tosylhydrazone 260 
To an ethanolic solution of sodium ethoxide (2.35 cm 3 , 0.435 M, 1.02 mmol) was 
added to a solution of (Z),(E)-2-( 1 -methyl-2,4-diphenylbuta-1 ,3 -dienyl)benzaldehyde 
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tosyihydrazone 260 (0.52 g, 1.05 mmol) in super dry ethanol (10 cm 3).The sodium salt 
341 was prepared and dried in the usual way. The dry sodium salt 341 was dissolved in 
DME (50 cm3) and the reaction mixture was stirred for 48 h at room temperature. The 
reaction was then heated at reflux for 3 h. The contents were filtered through a pad of 
celite and the filtrated was concentrated in vacuo to give a yellow oil which contained 
two components (tic, silica, hexane-ether 90:10). These were separated by medium 
pressure liquid chromatogaphy (silica, hexane-ether 90:10) to give the faster running 
component as a colourless oil as a ca 5:1 mixture of cis and trans isomers 1H-la,7b-
dihydro-3-methyl-1,2-diphenylcyclopropa[a]flaPthalefle 321 (0.07 g, 19 %), bp 250 °C / 
1 mmHg all analysis identical in all respects to that of the compound prepared in the 
previous experiment and the slower running component lOb-methyl-1,3-diphenyl-
1,10b-dihydro-pyrrolo[2,1-a]phthalazine 322 (0.197 g, 54 %) all analysis identical in all 
rspects to that synthesised in the previous experiment. 
Generation and Reactions of the Diazo-compound Derived from (E),(E)-2-I1-
Methyl-3-phenyl-5-(y-tolvl)buta-1 ,3-dienvll benzaldehyde tosylhydrazone 330 
To a methanolic solution of sodium methoxide (3.1 cm 3 , 0.435 M, 1.45 mmol) 
was added to a solution of (E),(E)-2-[ 1 -methyl-3 -phenyl-5-(p-tolyl)buta- 1,3 - 
dienyl]benzaldehyde tosyihydrazone 330 (0.75 g, 0.79 mmol) in super dry methanol (10 
cm3). The sodium salt 333 was prepared and dried in the usual way. The dry sodium salt 
333 was dissolved in dry DME (50 cm3) and the reaction was stirred for 48 h at room 
temperature, then heated at reflux for 3 h. The contents were filtered through a pad of 
celite then the filtrate was concentrated in vacuo to give a yellow oil which contained 
two components. Medium pressure liquid chromatography (silica, hexane-ether 90:10) 
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to give the faster running component 1H- 1 a,Th-dihydro-3-methyl-2-phenyl- 1 -(p-
tolyl)cyclopropa[a] napthalene 338 as a ca 1:2 mixture of cis and trans isomers (0.24 g, 
49 %), bp 250 °C (Found: HRMS (M+ 1 ), 323.1801. C 251-123 requires (M+ 1 ), 
323.1800); SH (250 MHz, CDCI3) 1.55*  (t, 1 H, CH J4.3), 1.97 (s, 3 H, CH3), 2.23 (s, 3 
H, CH3), 2.43*  (s, 3 H, CH3), 2.57 (dd, 1 H, CH J 4.0, 8.3), 2.70 (br t, I H, CH J 9.0), 
2.82 (br t, CH, J 9.0), 2.93*  (dd, 1 H, CHJ4.0, 8.3), 3.11 (q, 1 H, CHJ8.2, 9.2), 6.86-
7.62 (m, 13 H, aromatic CH) * indicates the major isomer absorptions; 8c (62.9 MHz, 
CDC13) 16.2 (CH3), 16.4*  (CH,), 17.4 (CH), 20.8*  (CH), 20.9 (CH), 26.5 (CH,), 27.9* 
(CH3), 28.0 (CH) 32.6*  (CH),  32.8*  (CH), 123.8, 124.6, 125.0, 125.6, 126.0, 126.4, 
126.5, 126.7, 126.8, 127.8, 127.8, 127.9, 128.1, 128.8, 129.0, 129.1, 129.4, 131.0 
(aromatic CH), 128.6, 129.6, 131.5, 132.1, 132.2, 132.5, 134.3, 134.6, 134.8, 136.1, 
139.2, 142.1, 142.9 (quat, olefinic and aromatic carbons) * indicates the major isomer 
absorptions; m / z (APCi CV=20) 322.9 ((M+1), 100 %) and as the slower running 
component as a viscous yellow oil lOb-methyl-3-phenyl-1-(p-tolyl)-.1,lOb-dihydro-
pyrrolo[2, 1-a]phthalazine 337 (0.11 g, 21 %), (Found: HRMS (M+1), 351.1853. 
C25H23N2 requires (M+ 1 ), 351.1861); 8H  (360 MHz, CDC13) 1.61 (s, 3 H, CR3), 2.11 
(s, 3 H, CH3), 3.81 (d, 1 H, CH J 3.3), 5.19 (d, 1 H, CH J 3.3), 6.82-7.68 (m, 14 H, 
aromatic CH); m /z (APO CV=20) 351 ((M+1), 100 %). 
Lewis acid Catalysed Decomposition of (E)-2-[2-(2-Phenylethenyl)cyclo 
pentenyllbenzaldehyde tosylhydrazone 253 
Using the method of Padwa 22  et a!, boron trifluoride diethyl etherate (0.29 g, 
2.14 mmol) was added to a solution of (E)-2-[2-(2-phenylethenyl)cyclopentenyl] 
benzaldehyde tosylhydrazone 253 (0.6 g, 1.35 mmol) in THF (50 cm3). The reaction 
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mixture was stirred at room temperature for 48 h. The contents were poured onto water 
(100 cm3) and an organic layer was separated, the aqueous layer was extracted with 
ether (2 x 50 cm3). The combined organic layers were concentrated in vacuo to give a 
white solid. Medium pressure liquid chromatography (silica, hexane-ether 50:50) gave a 
white solid which on recrystallisation gave white needles 1H-4,5,6-trihydro-3-
phenylbenzo[g]cyclopenta[e]indazole 356 (0.19 g, 50 %), mp 174-176 °C (ether) 
(Found: (M+1), 285.1387. C 20H17N2 requires (M+1), 285.1391); 8 (250 MHz, d6-
DMSO) 2.01-2.16 (m, 2 H, CH2), 2.97-3.12 (m, 4 H, CH 2), 7.41-8.52 (m, 9 H, aromatic 
CH), 14.1 (br, 1 H, NI-I); öc  (62.9 M}Iz, d6-DMSO) 24.0 (CR2), 30.6 (CR2), 33.9 (CH2), 
115.0 (quat.), 119.6 (quat.), 122.3, 125.1, 125.4, 126.7, 127.8, 128.3, 129.5 (aromatic 
CH), 129.1, 132.7, 132.9, 134.5, 138.6, 145.8 (quat.olefinic and aromatic carbons); m/z 
(FAB) 285 ((M+1), 47 %), 284 (Mt, 98 %), 155 (15), 154 (100), 137 (30), 91(13); in / 
z (ES CV=25) 285.2 ((M+1) +, 100 %).[See appendix 4 for X ray crystal structure]. 
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Table 1. Crystal data and structure refinement for pw0282 at 220(2) K. 
Empirical formula C20 H18 
Formula weight 258.34 
Wavelength 1.54184 A 
Crystal system Orthorhombic 
Space group Pccn 
Unit cell dimensions a = 18.699(2) A 	alpha = 90 deg. 
b = 22.045(2) A beta = 90 deg. 
c = 6.898(2) A 	gamma = 90 deg. 
Volume 2843.6(8) A'3 
Number of reflections for cell 60 (20 < theta < 22 deg.) 
Z 8 
Density (calculated) 1.207 )4g/m3 
Absorption coefficient 0.509 mm- -1 
F(000) 1104 
Crystal description Colourless block 
Crystal size 0.58 x 0.16 x 0.16 mm 
Theta range for data collection 3.10 to 60.13 deg. 
Index ranges 0<=h<=21, 0<=k<24, 0<l<7 
Reflections collected 2141 
Independent reflections 2094 [R(int) = 0.01221 
Scan type omega-theta 
Data / restraints / parameters 2090/0/182 (Full-matrix least-squares on F'2 
Goodness-of-fit on F2 1.006 
Conventional R [F>4sigma(F)] Ri =0.0563 	[1209 data] 
R indices (all data) Ri = 0.1163, wR2 = 0.1468 
Extinction coefficient 0.00058(14) 
Final maximum delta/sigma 0.000 
Weighting scheme 
caic where P(Fo'2'+2Fc2)/3 
Largest diff. peak and hole 0.170 and -0.180 e.A-3 
Table 2. Atomic coordinates ( x 10"4) and equivalent isotropic 
displacement parameters (A2 x 103) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 
x y z U(eq) 
 9414(2) -1781(2) 2737(6) 54(1) 
 9980(2) -1600(2) 1247(7) 63(1) 
 9927(2) -909(2) 1032(5) 43(1) 
C(3A) 9500(2) -720(1) 2756(5) 31(1) 
C(3B) 9364(2) -87(1) 3328(5) 30(1) 
 8609(2) 168(1) 3161(5) 30(1) 
C(4A) 8914(2) 4(1) 5135(5) 28(1) 
C(4B) 8666(2) -543(1) 6203(5) 30(1) 
C(S) 8317(2) -483(2) 7964(5) 36(1) 
 8059(2) -983(2) 8945(5) 45(1) 
 8159(2) -1556(2) 8196(6) 50(1) 
 8522(2) -1625(2) 6475(6) 46(1) 
C(8A) 8790(2) -1130(1) 5455(5) 34(1) 
C(8B) 9217(2) -1189(1) 3688(5) 35(1) 
 8519(2) 815(1) 2652(5) 30(1) 
 7980(2) 986(1) 1370(5) 37(1) 
 7893(2) 1588(2) 851(5) 47(1) 
 8339(2) 2027(2) 1567(6) 50(1) 
 8879(2) 1864(2) 2832(6) 46(1) 
 8973(2) 1265(1) 3347(5) 37(1) 








































































































































































Crystal system, space group 
Unit cell dimensions 
Volume 




Theta range for data collection 
Index ranges 
Reflections collected / unique 
Completeness to 2theta = 23.53 
Absorption correction 
Refinement method 
Data / restraints / parameters 
Goodness-of-fit on F'2 
Final R indices (I>2sigma(I)] 
R indices (all data) 
Extinction coefficient 
Largest diff. peak and hole 
pwO29l 
C20 H18 N2 
286.36 
293 (2) K 
0.71073 A 
Orthorhombic, Pbca 
a = 11.8635(8) A 	alpha = 90 deg. 
b = 13.2643(9) A beta = 90 deg. 
c = 18.9431(14) A 	gamma = 90 deg. 
2980.9(4) A3 
8, 1.276 Mg/m3 
0.075 mm-1 
1216 
? x ? x ? mm 
2.15 to 23.53 deg. 
-13<=h<=l3, -2<=k<=l4, -21<=l<=21 
3806 / 2181 (R(int) = 0.01611 
86.8% 
None 
Full-matrix least-squares on F"2 
2181 / 0 / 254 
1.112 
R]. = 0.0461, wR2 = 0.1162 
Rl 	0.0500, wR2 = 0.1191 
0.0055(8) 
0.163 and -0.169 e.A-3 
Table 2. Atomic coordinates ( x 104) and equivalent isotropic 
displacement parameters (A2 x 103) for pw0291. 
U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 
x y z U(eq) 
C(l) -1139(2) 144(2) 3875(1) 51(1) 
 -852(2) -932(2) 4098(2) 67(1) 
 415(2) -1001(2) 4126(2) 57(1) 
C(3A) 828 (2) 5(2) 3879(1) 38(1) 
 2068 (2) 188 (2) 3775(1) 38(1) 
 2221(1) 115(1) 2988(1) 43(1) 
 2260(1) 970 (2) 2716(1) 42(1) 
 2171(2) 1778 (2) 3266(1) 35(1) 
C(7A) 996(2) 2210(2) 3221(1) 33(1) 
 885(2) 3177 (2) 2941(1) 43(1) 
 -144(2) 3648 (2) 2886(1) 51(1) 
 -1084(2) 3167(2) 3115(1) 53(1) 
 -1012(2) 2213 (2) 3379(1) 43(1) 
C(11A) 20(2) 1690 (2) 3443(1) 33(1) 
C(11B) -19(2) 651(2) 3727(1) 35(1) 
 2466(2) 1253(2) 3958(1) 33(1) 
 3697 (2) 1297(1) 4161(1) 33(1) 
 3996(2) 1382 (2) 4866(l) 41(1) 
 5113(2) 1405(2) 5075(1) 47(1) 
 5957 (2) 1336(2) 4578(1) 48(1) 
 5678 (2) 1248 (2) 3872(1) 46(1) 
 4560 (2) 1233 (2) 3670(1) 42(1) 

























































C(3A)-C(3) -C(2) 105.1(2) 
C(3A)-C(3)-H(3) 108.9(15) 
C(2) -C(3) -H(3) 112.3(15) 
C(3A)-C(3)-H(3') 110(2) 
C(2) -C(3) -H(3') 113 (2) 






N(5)-C(4) -C(12) 104.28 (16) 
C(3A) -C(4) -H(4) 110.1(13) 
N(5)-C(4)-H(4) 110.6(12) 
C(12)-C(4)-H(4) 112.7(12) 
N(6) -N(5) -C(4) 110.79(16) 
N(5) -N(6) -C(7) 111.18 (16) 

























C (3A) -C(11B) -C(1) 109.30 (19) 
C(11A)-C(11B)-C(1) 120.52(18) 
C(121)-C(12)-C(7) 114.99(16) 






























Table 1. Crystal data and structure refinement for pwO400. 
A. CRYSTAL DATA 
Empirical formula 	 C20 1116 N2 
Formula weight 	 284.35 
Wavelength 	 1.54178 A 
Temperature 	 220(2) K 
Crystal system 	 Monoclinic 
Space group 	 P21/c 
Unit cell dimensions 	 a = 30.774(9) A aiDha = 90 dea. 
b = 7.248(3) A 	beta = 105.33(3) deg. 
c = 26.896(7) A gamma = 90 deg. 
5786(3) A3 











B. DATA COLLECTION 
Crystal description 
Crystal size 






0.66 x 0.16 x 0.12 mm 
2.98 to 70.23 deg. 
0<=h<=37, -8<=k<0, -32<=l<=31 
12313 
10283 [R(int) = 0.0472] 
Omega-theta 
C. SOLUTION AND REFINEMENT. 
Solution 
Refinement type 
Program used for refinement 
Hydrogen atom placement 
Hydrogen atom treatment 
Data / restraints / parameters  
Direct methods (CRUNCH) 
Full-matrix least-squares on F'2 
SHELXL- 97 




Goodness-of-fit on F2 
Conventional R [F>4sigma(F)] 
Weighted R (F2 and all data) 
Extinction coefficient 
Final maximum delta/sigma 
0.909 
Ri = 0.0800 [3790 data] 




calc 	 where P=(Fo2+2Fc2)/3 
Largest diff. peak and hole 	0.354 and -0.327 e.A-3 
Table 2. 
A
tomic coordinates x 104) and equivalent isotropic 
ameters (2 x 103) for 7. 	
U(eq) is defined 
displacement par  of the orthogoflahj2 
Uij tensor. 





N ( 2A) 
C(3A) 

































































































































































































17 16 (2) 









































































C( 11C) 4207(1) 2088(7) 4620(2) 39(1) 
C(12C) 4604(1) 2443(7) 4448(2) 37(1) 
C(13C) 4597(1) 2678(7) 3945(2) 36(1) 
C(14C) 5067(1) 2956(8) 3886(2) 44(1) 
C(15C) 5351(2) 3276(9) 4438(2) 53(2) 
C(16C) 5076(2) 2592(8) 4798(2) 49(2) 
C(31C) 4248(1) 3011(6) 2608(2) 32(1) 
C(32C) 4069(2) 4140(7) 2185(2) 38(1) 
C(33C) 4271(2) 4255(8) 1787(2) 47(1) 
C(34C) 4651(2) 3257(8) 1795(2) 48(1) 
C(35C) 4831(2) 2120(8) 2212(2) 48(1) 
C(36C) 4630(1) 2016(7) 2610(2) 37(1) 
N(1D) 7617(1) 1839(6) 2363(1) 41(1) 
N(2D) 7490(1) 2175(6) 2797(1) 38(1) 
C(3D) 7050(1) 2463(7) 2661(2) 36(1) 
C(4D) 6882(1) 2275(7) 2112(2) 34(1) 
C(5D) 7263(1) 1856(7) 1941(2) 36(1) 
C(6D) 7262(1) 1508(7) 1418(2) 39(1) 
C(7D) 7648(2) 1053(8) 1265(2) 46(1) 
C(8D) 7621(2) 716(8) 755(2) 54(2) 
C(9D) 7201(2) 883(9) 384(2) 57(2) 
C(10D) 6820(2) 1304(8) 529(2) 49(1) 
C(11D) 6838(1) 1640(7) 1050(2) 39(1) 
C(12D) 6444(1) 2058(7) 1223(2) 38(1) 
C(13D) 6456(1) 2368(7) 1725(2) 35(1) 
C(14D) 5990(1) 2774(7) 1784(2) 36(1) 
C(15D) 5679(1) 2571(7) 1241(2) 41(1) 
C(16D) 5975(1) 2179(8) 873(2) 42(1) 
C(31D) 6826(1) 2820(7) 3073(2) 33(1) 
C(32D) 6989(2) 1950(7) 3545(2) 45(1) 
C(33D) 6800(2) 2290(8) 3949(2) 57(2) 
C(34D) 6443(2) 3493(9) 3884(2) 62(2) 
C(35D) 6279(2) 4381(8) 3416(2) 51(2) 
C(36D) 6471(2) 4028(7) 3019(2) 42(1) 
Bond lengths[Al and angles [degl for ?. 
Table 3- 	
1.344(4) 
N(1A) -?" 2 i.345()  
N(IA) -C( 5 A) 1.328(4)  
N(2A) 	C(Th) 1.430( 5 )  
C(3)_c( 4A) 1.471( 5 )  
C(3A)C( 31 i.399()  
C(4A)_C( 5A) i.445()  
C(4A)( 13 1.423( 5 )  
C(5A)_C( 6A) 1.398( 5 )  
C(6A)_C() 1.429( 5 )  
C(6A)C( 11  1.368( 5 )  
C(7A)_C( 8A) 1.418(6)  
C(8A)_C( 9A) 1.359(6)  
c(9A)_C( 10A) 1.405(5)  
C(10A) 	(U i.439()  
C(11)( 12 i.357()  
C(12A)_C( 13A) 1.512( 5 )  
C(12A)_C( 16A) 1.508(5)  
C(13A)( 14 1.520( 5 )  
C(14A)C( 15A) 1.525(6)  
C(15A)C( 16A) i.379()  
C(31A)_C( 36A) i.394()  
C(31A)( 32 1.382( 5 )  
C(32A)_C( 33A) 1.375(6)  
C(33A)( 34 1.302(6)  
C(34A)_C( 35A) 1.369( 5 )  
C(35A)_C( 36A) 1.347 (d)  
N(1B)N( 23 ) i.353()  
N(IB)-C( 5B) 1.320( 4 ) 
1.431( 5 )  
C(3B)( 4B) 1.470( 5 )  
C(33)_C( 31B) 1.404( 5 )  
C(43)_C( 5B) 1.441( 5 )  
C(43)C(133 ) 1.428( 5 )  
C(53)_C( 63 ) i.397()  
C(6B)C( 78 ) 1.424( 5 )  
C(6B)C( 1 B) 1.367( 5 )  
C(73)_C( 8B) 1.408(6)  
C(BB)C( 93 ) 1.358(6)  
C(9B)C(10B) i.407()  
C(10B)(- 1.442( 5 )  
C(11B)_C( 12B) 1.361( 5 )  
C(12B)( 13 1.498(5)  
C(12B)( 16 1.506( 5 )  
C(13B)"( 14 1.532( 5 )  
C(14B)_C( 15 1.531( 5 )  
C(l5B)( 16 1.380( 5 )  
C(3lB)( 36 j.390(5)  
C(31B)( 32 1.381( 5 )  
C(32B)( 33 1.369(6)  
C(33B)C( 34  1.384(6) 
1.365( 5 )  
C(35B)( 36 1.348( 4 )  
N(1C)_N(2C) 1.348( 4 ) 
1.326( 4 )  
N(2C)_c(3C) 1.425( 5 )  
C(3C)_c( 4C) 1.466( 5 )  
C(3C)_c(3 1 C) 1.403( 5 )  
C(4C)(5C) i.443()  
C(4C)_C( 13 C) 1.429(5) 
1.398(5) 
C(6C)_C(7C) 1.422(5)  
C(6C)_c(11C) 1.373(5)  
C(7C)_c(8C) 1.414(6)  
C(8C)_C( 9 C) 1.361(6)  
C(9C)_c( 10 C) 1.402( 5 )  
C(lOC)_C(h 1 C) 1.440( 5 )  
C(llC)_c( 12 C) i.357()  
C(12C)_C(1 3 C) 1.509( 5 )  
C(12C)_c( 16 C) 1.510( 5 )  
C(13C)_C(14C) 1.529( 5 )  
C(14C)_C( 15 C) 1.528( 5 )  
C(15C)_C( 16 C) 1.378(5)  
C(31C)_C(3 6 C) 1.390(5)  
C(31C)_C(32C) i.377()  
C(32C)_C( 33 C) 1.370(6)  
C(33C)_C( 34 C) 1.383(6)  
C(34C)_C( 35 C) i.373()  
C(35C)_C( 36 C) i.347()  
N(1D)N( 2 D) 1.350( 4 ) 
j.323(5)  
N(2D)_C(3D) 1.435(5)  
C(3D)_C( 4D) i.474(5)  
C(3D)_C( 3 ) 1.402(5)  
C(4D)_C( 5 D) 1.445(5)  
C(4D)C( 13 D) 1.430(5)  
C(5D)_C( 6D) 1.394( 5 )  
C(6D)_C( 7 D) 1.417( 5 )  
C(6D)C(1 1 ) j.375(5) 
C(7D)_C(BD) 1.413(6)  
C(8D)_C( 9 D) 1.364( 5 )  
C(9D)_C( 10D) 1.411(5)  
C(I0D)C( 11D) 1.439(5)  
C(11D)_C( 12D) 1.359(5)  
C(12D)C( 13D) 1.504(5)  
C(12D)_C( 16 D) 1.511(5)  
C(13D)( 14 ) 1.527( 5 )  
C(14D)_C( 15 D) 1.538(5)  
C(15D)C( 16D) 1.379(5)  
C(31D)_C( 36D) 1.387(5)  
C(31D)_c(3 2D) 1.384(6)  
C(32D)_C( 33D) 1.377(6)  
C(33D)_c(3 4D) 1.384(6)  
C(34D)_c( 35D) 1.375(5)  




N(2A)_C(3A) 119 .0(4) 
131.7(4) 
C(4)_C(3A)'31 104.6(3) 
C(5)_C(4A)3 117.2(4)  
C(5A)_C(4A)( 13) 138.0(4) 
C(3A)_C(4A)(13 106.9(3)  






















C(12A)_c(13 14 129.4(4) 
C(4A)_C(13A)4 103 .8(4) 
C(13A)_c(14_15 108.1(4) 










11.1.7( 3 ) 
107.1( 3 )  




C(5B)_C(4B)(3 116.8(4)  
C(5B)C( 4B)( 13) 139.0(4)  
C(3B)C( 43)( 13) 106.8(3) 
N(lB)_C(5B)(4 128.1( 4 ) 
125.1(4)  

















104.4( 4 )  
C(135)C(1 4 )( 15 107.5(3) 
C(14B)_C(15B)(16 104.8(3) 
C(12B)_C(16B)(15 117.8(4)  


























Symmetry transformations used to generate equivalent atoms: 
A
ppendix 4 
Table 1. Crystal data and structure refinement for pw0375. 
A. CRYSTAL DATA 
Empirical formula 	 C24 R20 N2 
Formula weight 	 336.44 
Wavelength 	 1.54180 A 
Temperature 	 220 K 
Crystal system 	 Monoclinic 
Space group 	 p 1 21/c 1 
Unit cell dimensions 	 a = 17.081(2) A alpha = 90 deg. 
Volume 





b = 7.0507(8) A 	beta = 112.113(6) deg. 
c = 16.116(2) A gamma = 90 deg. 
1798.11 A3 





B. DATA COLLECTION 
Crystal description 
Crystal size 






0.47 x 0.23 x 0.19 mm 
2.79 to 70.08 deg. 
-11<=h<=20, -8<=k<=6, -18<=1<=15 
4128 
3184 [R(int) = 0.02] 
Omega-theta with 
learnt-profile (Clegg) 
C. SOLUTION AND REFINEMENT. 
Solution 
Refinement type 
Program used for refinement 
Hydrogen atom placement 
Hydrogen atom treatment 
Direct Methods (Sir92) 
Full-matrix least-squares on F 
CRYSTALS version 10 
Geometric 
Reidealised after each 
refinement cycle 
Data / parameters 





Final maximum delta/sigma 
Weighting scheme 








0.20 and -0.18 e.A-3 
Table 2. Atomic coordinates ( x 104), equivalent isotropic 
displacement parameters (A2 x 103) and site occupancies for 1. 
U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 
x y z U(eq) 0cc 
Ni 6801(1) 2600(2) 983(i) 37 1.00 
N2 6963(1) 4171(2) 593(1) 39 1.00 
C3 7405(1) 3938(2) 100(1) 40 1.00 
C31 7832(1) 2210(2) 38(1) 33 1.00 
C4 8389(1) 2167(2) -417(1) 38 1.00 
C5 8822(1) 527(3) -433(1) 43 1.00 
C6 8717(1) -1074(3) 8(1) 45 1.00 
Cl 8178(1) -1037(2) 474(1) 40 1.00 
C71 7731(1) 592(2) 486(1) 32 1.00 
C8 7085(1) 612(2) 922(1) 33 1.00 
C81 6298(1) -515(3) 346(1) 43 1.00 
C9 7384(1) -106(2) 1915(1) 35 1.00 
C91 8330(1) -87(2) 2463(1) 34 1.00 
C92 8800(1) 1561(2) 2576(1) 41 1.00 
C93 9653(1) 1588(3) 3100(1) 47 1.00 
C94 10048(1) -41(3) 3531(1) 51 1.00 
C95 9589(1) -1685(3) 3433(1) 54 1.00 
C96 8731(1) -1716(3) 2897(1) 45 1.00 
dO 6934(1) 1265(2) 2302(1) 38 1.00 
dl 6657(1) 2782(2) 1785(1) 35 1.00 
Clii 6218(1) 4474(2) 1939(1) 34 1.00 
C112 6519(1) 5409(2) 2755(1) 40 1.00 
C113 6078(1) 6949(3) 2896(1) 46 1.00 
C114 5339(1) 7552(3) 2227(1) 49 1.00 
C115 5036(1) 6611(3) 1422(1) 51 1.00 
C116 5471(1) 5075(3) 1271(1) 44 1.00 
H31 7460 5046 -263 41 1.00 
li41 8475 3327 -729 38 1.00 
H51 9214 500 -764 42 1.00 
E61 9036 -2260 -7 46 1.00 
H71 8101 -2197 796 41 1.00 
R811 6457 -1855 289 42 1.00 
R812 6043 77 -261 42 1.00 
R813 5873 -489 640 42 1.00 
H91 7260 -1481 1957 35 1.00 
R921 8511 2755 2278 40 1.00 
H931 9987 2783 3164 47 1.00 
H941 10666 -26 3913 48 1.00 
H951 9875 -2868 3741 52 1.00 
H961 8400 -2922 2824 45 1.00 
11101 6848 1052 2876 39 1.00 
111121 7054 4969 3242 40 1.00 
111131 6298 7630 3482 47 1.00 
111141 5022 8666 2333 52 1.00 
H1151 4494 7031 941 51 1.00 
111161 5251 4398 684 44 1.00 






























































































































cll4_c113_ah 131  
c113-C114115 
c113_C114hhh 141  
cllS_c114_Hh 141 
cl14_C115_Ch 16  
C114-c 55' 
c116_C115h 151  
c111_c1 16 ' h ' 5 
clll_c116_lh 161  
c115_c116 hl61 
120.3(2) 
119.7( 2 ) 
119.9( 2 ) 
119.8(2) 
120.1( 2 ) 
120.1(2) 





120.3( 2 ) 
generate equivalent atoms 
symmetry transformations used to  
